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THE CB INDUSTRY 

By the time this is published the UK 
will have its very own CB band. It is, of 
course, quite impossible for us to fore- 
see just how things will turn out and 
just how useful the band will be. What 
is perhaps significent at this time is the 
lack of British made rigs. Although 
Manufacturers are expecting to sell 
many tens of thousands of rigs each, 
before Christmas, almost without ex- 
ception all the 27MHz rigs will be im- 
ported. The exception is of course our 
own PE Ranger 27FM designed for PE 
by Mike Tooley and David Whitfield 
and for which Autumn Products 
{Modus Systems) are the appointed kit 
supplier; Autumn are now also 
manufacturing PE Rangers. 

There are a number of obvious 
reasons why British manufacturers are 
unable to build competitively priced 
rigs in the UK but one restriction, that is 
not so well known outside the industry, 
is that import duty has to be paid on 
components but is not levied on com- 
plete equipment. However, it is very 
pleasing to note that at least two UK 
manufacturers are proposing to make 
rigs for the 934MHz band. This shows 
that UK companies can be competitive 


on products where the market is 
smaller and where the retail unit cost is 
higher, giving more flexibility on profit 
margins. 

Some of the bigger companies are 
claiming that they will totally dominate 
the UK CB market but we doubt that 
this will happen within the first year, if 
ever. There are many manufacturers 
investing large amounts and none of 
them will be prepared to back out 
quickly. 


QUALITY 

What we must also wait and see is 
the technical quality of the products. 
Because it was first, and a kit, the PE 
Ranger has attracted much attention 
on its ability to meet the Home Office 
specification and of course our 
designers have been fully aware of this; 
hence the additional information in the 
article this month. What we will soon 
know is just how much attention 
manufacturers have paid to ensuring all 
their rigs meet the Home Office perfor- 
mance specification. 

We also await with interest the fate 
of those who continue to use illegal 
a.m. or a.m./f.m. CB rigs; it is rumoured 
that the radio regulatory department 


are planning to clamp down heavily on 
illegal use. This would seem sensible 
as they have been avoiding the 
protests on interference by advising 
injured parties that everything will 
change when the legal system is in- 
troduced; it certainly won't unless they 
prevent the continued use of a.m. 
equipment. 


NEWS 

No doubt many readers will be look- 
ing for their first rig, be it for 27 or 
934MHz; with this in mind we are 
putting together a four page guide to 
available legal rigs, which will be 
published as a pull-out next month. 
Once again this does not mean PE will 
be going over to CB, but the new rigs 
are news and we hope the pull-out will 
interest most readers. 

As we mentioned in News and 
Market Place \ast month, the PE 
Ranger was shown on TV and the PE 
Bandbox has also attracted media in- 
terest, being put through its paces for 
many radio programmes by the 
designer Alan Boothman. 

Mike Kenward 


Technical Queries 
We are unable to offer any advice on the 
use or purchase of commercial equipment 
or the incorporation or modification of 
designs published in Practical Electronics. 
All letters requiring a reply should be 
accompanied by a stamped, self addressed 
envelope and each letter should relate to 
one published project only. 
Components and p.c.b.s are usually 
available from advertisers; where we antici- 
pate difficulties a source will be suggested. 
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Back Numbers 

Copies of some of our recent issues are 
available from: Post Sales Department 
(Practical Electronics), IPC Magazines Ltd., 
Lavington House, 25 Lavington Street, Lon- 
don SE1 OPF, at 95p each including In- 
land/Overseas p&p. 


Binders 

Binders for PE are available from the same 
address as back numbers at £4-30 each to 
UK or overseas addresses, including 


postage and packing, and VAT where ap- 
propriate. Orders should state the year and 
volume required. 


Subscriptions 

Copies of PE are available by post, inland or 
overseas, for £13-00 per 12 issues, from: 
Practical Electronics, Subscription Depart- 
ment, Oakfield House, Perrymount Road, 
Haywards Heath, West Sussex RH16 3DH. 
Cheques and postal orders should be made 
payable to IPC Magazines Limited. 
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BBC: far from 
disappointed 


Following our headline in the October issue of News and Market Place 
concerning the BBC disappointment over the response to their Electronics 
and Microelectronics School Radio Course we were very pleased to hear 
from Mr Arthur Vialls, the producer of School Broadcasting Radio. 


Mr Vialls tells us that since our 
headline the response has been 
overwhelming with the teachers’ notes 
(supplied on the basis of one set per appli- 
cant) now in their third reprint and to 
date 2500 copies have been dispatched. 
This means that the penetration into the 
secondary school market has been be- 
tween 30 and 40 per cent. 

Orders for the kits which accompany 
the programmes are now coming in at the 


ULTIMATE 
TIMER... 


The CT5000 from TK Electronics is a timer 
kit which has 18 programmable time sets 
and 4 independent 2A mains outputs with 
zero voltage switching. 

The 12hr O-5in display will give day of 
the week, a.m./p.m. and output status in- 
dication. A battery back-up facility saves 
stored programmes and continues time 


rate of 60 a day and with the film strips 
also having to be reprinted it would ap- 
pear that many schools have taken up the 
challenge. 

Full details of how to obtain the kits 
and film strips are included in the 
teachers’ notes which are available from 
Electronics and Microelectronics BBC 
School Radio, | Portland Place, London 
W1A 1AA on receipt of a s.a.e. with a 
20p stamp. 


keeping during power failures. 
} The unit is programmed by a 20 function 
keypad which includes programme verifica- 
tion button. 

The timer kit is priced at £45-00 plus 
VAT and is available from TK Electronics, 
11 Boston Road, London W7 3SJ (01-579 
9794). 


SOLAR GAMERA 


The Ricoh camera company have recently 
announced the XR-S Solar powered 
camera which utilises two solar panels con- 
taining 20 solar ceils mounted on each side 
of the pentaprism housing. These solar cells 
extend the life of a 37V silver oxide battery 
developed by Ricoh, for an estimated five 
years. 

When first shown at Photokina ‘80, it 
was questioned as to whether it would 
need to be exposed to sunlight to charge 
the camera's battery, however, it can be 
effectively charged under white light as 
well as sunlight and if the light level is 
too low for the solar cells to operate the 
battery will work for up to four hours 
when fully charged. 


TWEET! 


Any reader who is planning to build 
a pair of speaker units or update 
old speakers will be interested to 
learn that RT-VC are offering 
Goodmans soft-dome_ tweeters 
(shown below) at a very com- 
petitive price. The tweeters can be 
used in systems handling up to 40 
watts and are priced at £3-50 each | 
plus £1-75 p&p, or £5-95 per pair 
plus £2-40 p&p. Filter components 
are included in the prices. RT-VC, 
21b High Street, Acton, London 
W3 6NG. 


POINTS 
ARISING ... 


INGENUITY UNLIMITED (Nov. 81) 

In the -circuit diagram of the O-99s 
photographic timer, the centre tap of the 
mains transformer is shown connected to 
the positive supply rail. It should be 
connected to the negative. 


HOROLOGICUM (Oct. 81) 

There is an error in Table 1, the 
MM5309 pin-outs. The pin-out functions of 
15-28 should be reversed. |.e. Pin 15— 
Positive Supply and Pin 28—Display 
Enable. 

Also, on page 22, column 2, 4th line 
from bottom should read: 1MHz instead of 
1-03MHz. 


MICROPROMPT (July ‘81) 

Line 60 in Noel Caffrey’s “HECDEC" 
program should read: SS = MIDS (A3, |, 1) 
etc., 
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‘Briefly... 


Bernard Babani, publishers of technical 
books on most subjects in the field of elec- 
tronics inform us that their 1982 catalogue 
is now available. The 32 page catalogue 
lists books for both beginners and those 
with a wide knowledge of the subject. It is 
available free to readers who send a large 
s.a.e. to: Bernard Babani (Publishing) Ltd., 
The Grampians, Shepherds Bush Road, 
London W6 7NF. (01-603 2581). 


The business of A. Marshall (London) Ltd. at 
40 Cricklewood Broadway, London NW2 
has now changed hands and will be trading 
in the future as Cricklewood Electronics 
Ltd. Custamers are invited to phone O1- 
452 0161 for details of stock and prices as 
a catalogue has yet to be printed. A. 
Marshall continue to trade from Kingsgate 
House and Edgware Road. 


The latest 64 page Bi-Pak catalogue is now 
available from Bi-Pak Semiconductors, The 
Maltings, 63A High Street, Ware, Herts., on 
receipt of £1-00 including p&p. 


MODULAR 
LIGHTING 
SYSTEM 


L&B Electronic have introduced a versatile 
range of modular power dimmers for use in 
portable and fixed lighting rigs. Four types 
of module are available to suit particular 
systems, with facilities to preset channels, 
on multi core lines, master dim, “kill” and 
provide logic _compatibility with other 
lighting units. A single supply/reference 
board can supply up to 50 various units 
making it feasible to construct a lighting 
board with just the required mumber of 
channels, saving considerable cost over 
complete manufactured systems. Prices 
range from around £7 to £20, with sub- 
stantial discounts on quantity orders. 

A product sheet with prices is available 
on request. L&B Electronic, 45 Wortley 
Road, West Croydon, Surrey. Tel: 01-689 
4138. 
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New from Tele-Production Tools are six aids specially designed for use 
on printed circuit boards. The set comprises three double ended tools 
which includes a stainless steel brush for removing resin and oxidiza- 
tion etc. from p.c.b.s, a fork for forming component leads and wire 
wrapping, a knife for cutting tracks and a scraper for cleaning leads. 
Also included is a hook for removing components after de-soldering 
and a reamer for opening p.c.b. holes. 

The tools which are fully insulated are housed in a plastic case and 
cost £3-74 including VAT and p&p. 

Tele-Production Tools Ltd., Stirton House, Electric Avenue, 
Westcliff-on-Sea, Essex. (0702 35219). 


OU... 


curacy of the information presented below. 


IFSEC (Fire & Sec.) Nov. 17-19. RDS Dublin, V 
Compec Nov. 17—20. Olympia London. Z1 

BEX Plymouth Nov. 18-19. Holiday Inn. K 

Intron Nov. 24—26, RDS Dublin. V 

Continuous events at Nat. Micro & Elect. Centre. LI 


1982 
IDEA (Domestic appliances) Jan. 12—14. Birmingham. B6 
OEM Assemblies Feb. 2—4. Royal Hort. Halls London. T 
BEX Bristol Feb. 3-4. K 
BEX Bournemouth Feb. 17-18. K 
Microsystems Feb. 24-26. West Centre Hotel London. ZI 
Seminex Mar. 29—Apr. 2. Imperial College London, H1 


B6 Andry Montgomery Ltd. ¢ 01-486 1951 

E Evan Steadman. Saffron Walden ¢ 0799 22612 
HI Seminex Ltd., Tunbridge Wells ¢ 0892 39664 
K = Douglas Temple, Bournemouth ¢ 0202 20533 
LI World Trade Centre ¢ 01-488 2400 

T Trident, Tavistock ¢ 0822 4671 

V SDL f Dublin 763871 

Z1_ IPC Exhibitions, Sutton ¢ 01-643 8040 


Please check dates before setting out. as we cannot guarantee the ac- 


Pioneers 


Viewed in the context of the general 
economic climate, electronics has enjoyed 
a remarkable year. But 1981 also saw the 
passing of two pioneers who in different 
ways furthered the growth of the industry. 

P. A. G. H. Voigt did as much as any one 
man could to popularise the concept of 
high-fidelity sound reproduction in the 
1930s, The Voigt corner horn loudspeaker 
system was an outstanding achievement 
and was not only uncanny in its sound 
realism but had remarkable acoustic ef- 
ficiency. So much so that at a Radiolympia 
exhibition of the period, when each ex- 
hibitor was allowed 100 milliwatts of audio 
from a central amplifier, the sound volume 
from Paul Voigt's exhibit was so markedly 
louder that neighbouring stands com- 
plained he must be cheating. In fact for 
domestic use only three watts, obtained 
from a single triode output valve, was more 
than enough to deafen the listener. 

Of course the Voigt corner horn would 
hardly do in today’s small box-like rooms. It 
was designed in and for a more spacious 
age, The speaker itself was a massive unit 
with a huge electromagnet which was 
powered from the a.c. supply. And there 
was a heavy concrete block at the base of 
the horn unit. He also developed a moving 
coil pick-up, probably the first ever, which 
gave us, even with those old 78r.p.m. discs, 
a glimpse of future fidelity yet to come. 

Paul Voigt emigrated to Canada in 1950 
where he died earlier this year at the age of 
80. He started his career in audio in 1922 
and retired in 1970. 

Dr Trevor Lloyd Wadley, a South African 
scientist and inventor, died in Natal at the 
early age of 61. It was he who came to 
England in the early 1950s canvassing a 
new idea for a very stable communications 
receiver, He visited all the major companies 
and was told it was too complicated to 
manufacture. Scraping the bottom of the 
barrel he was introduced to a tiny company, 
almost a back-street concern, who not only 
showed interest but bought the licence to 
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manufacture. The company was Racal 
Engineering and the end result was the 
world-beating RA 17 communications 
receiver incorporating the principle of the 
Wadley-Loop drift-cancelling circuit. 

The rest is history. The RA 17 was the 
breakthrough for the company which we 
now know as the Racal Electronics Group. 
But Dr Wadley did more than help put 
Racal on the ladder to success. He also in- 
vented the Tellurometer, a radio-based dis- 
tance measuring system for survey work. 
Unlike the Wadley Loop which has now 
been superseded by frequency synthesis, 
the Tellurometer is still in production and 
has earned a great deal of money over the 
years for Plessey, the British licensee. 

Wadley and Voigt both left their mark in 
the history of electronics. Their passing, one 
in South Africa, the other in Canada, re- 
minds us that electronics as an applied 
science knows no boundaries and grows 
inexorably through cross-fertilisation of 
brilliant minds. 


- Neston 


Nothing more clearly showed up the 
chaotic structural state of British trade un- 
ionism than the establishment of Marconi’s 
new factory at Neston. Looking at in- 
dustries like printing and automobile 
manufacture in which a multiplicity of 
separate, often competing, unions are 


‘involved, with consequent demarcation 


disputes and frequent walk-outs, it seems 
sensible to have all workers in a plant ina 
common union. 

In the case of Neston, which manufac- 
tures torpedoes calling for a variety of 
engineering disciplines, the workers could 
not agree that any single existing union 
could adequately represent the totality of 
the workforce. 

So, by popular vote, there will be no 
union at ail. Instead a works council of 
workers and management. 

This simple, almost obvious, solution has 
been described as a new shop-floor in- 
dustrial revolution. Or is it plain common 
sense opting for concord rather than dis- 
cord? This happened before Marconi was 
awarded, subject to price negotiations, the 
contract for the heavyweight torpedo for 
the Royal Navy said to be worth £500 
million. 

Mercifully, the electronics industry has 
always escaped the worst excesses of in- 
dustrial relations. Of course it has every ad- 
vantage. Continued growth generates none 
of the bitterness of workers in stagnating or 
declining industries. A forced redundancy in 
electronics is not automatic relegation to 
the ‘scrap heap’. Unlike static industries 
such as ship building or mining it is not 
geographically limited and mobility is ac- 
cepted as natural by the ambitious either 
through promotion within a company or 
change of employer. 

In short, there is none of the rigidity of 
the older industries. And there are almost 
daily start-ups by small entrepreneurial 
teams, fired by enthusiasm and who con- 
stantly refresh the industry while, at the 
same time, the pace of technological ad- 
vance maintains interest and presents ever- 
new challenges. The industrial climate of 


electronics enjoying rude health en- 
courages constructive co-operation to- — 
wards further success and this contagious 
enthusiasm appears & 2 on at  aaeaaa 


Expansion 


1982 already looks a bumper year for ex- 
pansion. Plessey, whose first quarter results 
suggest £100 million pretax profit in the 
year ahead, aré to. build a new Telecom- 
munications Engineering Centre on their 
site at Edge Lane, Liverpool. Six storeys 
high, it will accommodate 700 engineering 
personnel and will cost £2-5 million. The 
production plant is also to receive invest- 
ment in redesign and new equipment to fit 
it to changing technology. All this confirms 
Plessey commitment to Merseyside. As a 
quid pro quo the workforce of some 4,000 
is being asked to accept what Plessey 
describes as ‘major changes in working 
practices and productivity’. 

Then there’s Mitel who, before their 
100,000sq. ft plant at Caldicot, South 
Wales, was completed, have already 
decided to triple the size and could be em- 
ploying 2,000 people by the end of next 
year. Mitel will be making ICs and thick film 
microcircuits as well as assembling PABX 
microprocessor controlled telephone ex- 
changes one of which, re-engineered to UK 
standards, is being promoted by British 
Telecom under the name Regent. 

Systime, making microcomputers on a 
site on the outskirts of Leeds, has a planned 
£46 million investment which _ initially 
should create some 450 jobs with further 
phases over three years taking the total up 
to a possible 1,000. 

These investments top up Motorola's 
£60m, NEC's £40 million and H-P’s £12 
million mentioned in this column last 
month. Not a bad score in just two months 
and reflecting confidence in the future. 

Exports, too, remain lively. Marconi 
Marine, in a depressed shipping market, are 
to provide all the communications equip- 
ment for eight deep sea cargo vessels for 
Pakistan being built at the Gdansk yards in 
Poland. And Thorn Consumer Electronics 
has won a £2 million order for Ferguson TX 
colour TV kits for assembly in Greece. Cable 
& Wireless has also been active in Greece, 
winning a £4 million contract for com- 
munications equipment, 

The defence market continues buoyant 
both at home and overseas. Thus we note 
an order for £2-5 million worth of elec- 
tronic warfare equipment from the Argen- 
tine Navy for Racal-Decca Defence 
Systems, while sister company Racal- 
Decca Marine Radar has contracted for 
£0-5 million worth of radar to the Swedish 
Navy. And Racal-Decca Survey has a £5 
million order from the Royal Navy for elec- 
tronic positioning systems for mine-hunting 
operations. 

In avionics, companies such as Plessey, 
Ferranti and Smiths should have a good 
share in the big British Aerospace/McDon- 
nell Douglas deal for the Anglo-US AV-8B 
advanced Harrier jump-jet which in total 
could top £1 billion over five years. Good 
news, too, from British Aerospace in its 
first year of de-nationalisation achieving 
record turnover and profits. 
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HE problem with many small self-contained electronic 

games is that they are too easily beaten, or their interest 
and entertainment value seems to diminish rather rapidly 
after an initial enthusiasm! Computer based games gain in 
sophistication, but are often too large, complex or expensive 
to be a realistic proposition. However, in between these two 
extremes comes SPACE EVADERS! Simple enough to be 
built with standard CMOS logic devices in a small portable 
case, but difficult and frustrating enough when played to 
keep you occupied for hours. 

As in the case of many other ‘Space games’, EVADERS is 
a battle between alien and human, the latter using missiles 
to defend himself against the former. The alien flies along 
from left to right, over and over again, dipping downwards 
towards the missile base on each pass. The missile is 
launched initially from a position very close to the alien's 
path, After launching, the missile moves slowly upwards 
with a ‘bleep’ noise. If it hits the alien, there is an explosion 
sound effect, and the missile jumps back one position, i.e. 
one step further away from the alien. ‘Hitting’ is achieved by 
having the missile arrive in the way of the alien's flight path 
just as the alien gets there. If the missile misses, it returns to 
its previous starting position. Gradually, as more and more 
hits are scored on the alien, the missile moves further away 
from the alien's path until a successful hit from the most dis- 
tant missile base wins the game: the alien stops dead and a 
dull drone can be heard, The number of missiles fired is 
counted and displayed on a numerical readout in order that 
scores can be readily compared. 
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DIFFICULTIES! 

On every fourth pass of the alien over the missile base it 
drops a bomb (which makes a ‘dull bleep’ sound) on the mis- 
sile. This terminates any missile attack that is currently 
under way, and moves the missile one position back towards 
the alien flight path, i.e. away from that final winning posi- 
tion! The alien and missile speeds are independently ad- 
justable; the missile normally travels fairly slowly, so the 
game becomes more difficult the further its starting position 
is from the alien. As if that wasn’t enough, the really nasty 
part of the game, and the reason why it’s a space EVADER, 
is that the alien doesn't fly at a constant rate, but at random! 
There is a subtle amount of speeding up and slowing down 
(even stopping dead sometimes) from the normal set speed. 
Hence the ‘frustration’ aspect of the game, because just as a 
missile is right on course for him, he can jump past it, or 
even stop in his tracks, and it misses again! 
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Fig. 1. Block diagram 
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Two 7-segment l.e.d. displays show the score, with the 
alien and missiles being indicated by discrete |.e.d.s; mostly 
red, but with the centre alien and top missile |.e.d.s being 
green, (These are the ones that must be lit together at the 
same time to score a hit.} The design principles for this pro- 
ject have or will be covered in our Digital Design Techniques 
series, so for greater detail on the design of the circuitry refer 
to these articles. However, we can look now at the design of 
the circuit in fairly general terms, with the assistance of the 
block diagram shown in Fig. 1 and the circuit diagram shown 
in Fig. 2. 


CIRCUIT DESCRIPTION 

The circuitry can be divided up into three different areas: 
the control circuit, the scoring circuit, and the sound effects 
circuit. Let's start by considering the control circuit, as this 
comprises the main part of the project. 

The alien's path is indicated by a row of l.e.d.s, D5 to D13, 
which are lit sequentially by |C3, a decade counter which is 
connected to reset itself at the end of each sequence. Hence, 
the |.e.d.s give the impression of a continuously moving light. 
The common cathodes of the I.e.d.s are taken to O volts via 
TR3, which is turned on and off by the clock input signal to 
1C3. Each |.e.d. is turned on for a short period, then off again, 
and then a short time elapses before the next |.e.d. lights, 
giving the impression of the alien ‘jumping along’. 

TR1, TR2 and 1C1 form a random noise generator, fully 
described in this month’s Digital Design Techniques. The 
random noise signal feeds the ‘D’ input of D-type flip-flop 
{C2a, which is clocked by the very low frequency oscillator 
formed by 1C13c and 1C13d. At every positive clock transi- 
tion the logic state of the random noise signal is fed to the Q 
output, and depending on its state the Q output may, or may 
not, change state. Because the Q output clocks !IC3, this 
gives the pseudo-randomness to the alien |.e.d. movement. 
Some control of the alien's speed can be given by VR1 
(setting the oscillator frequency), since this determines the 
rate at which the random noise is sampled. 

The illumination of the missile I.e.d.s is considerably more 
complicated than of the alien's! Basically, they are controlled 
by C6, an up/down presettable binary counter, which has its 
binary outputs decoded into decimal by IC7, and then uses 
the inverter drivers of IC9 and 1C10 to sink current from, and 
illuminate, the l.e.d.s. !C6 is clocked by [C8 a 7555 CMOS 
timer connected as a very low frequency oscillator, with fre- 
quency controlled by VR2. At each clock pulse of IC8, the 
counter 1C6 (which is hard wired to always count DOWN) 
counts down by one, and hence illuminates the I.e.d.s in the 
sequence, one at a time. Note that the highest count corres- 
ponds to D25, i.e. the lowest l.e.d. in the missile chain. So, 
as the counter counts down, the missile appears to move up- 
wards towards the alien l.e.d.s. TR4 gates the l.e.d.s on and 
off in a similar way to TR3 and the alien l.e.d.s. This not only 
gives the impression of jumping of the I.e.d., but also {more 
importantly) makes it much more difficult to hit the alien! 

The alien is ‘hit’ when output pin 10 of IC3 (the alien's 
green l.e.d.) is at logic 1 at the same time as D18 is lit (the 
missile’s green l.e.d.). This condition is detected by IC14c, 
the output of which is then enabled by IC12b from IC8; this 
ensures that the alien can only be hit when the missile l.e.d. 
is actually illuminated. The output of 1C12b is inverted, then 
passes through IC14b and is inverted again by 1C10d (we'll 
look at the action of 1C14b pin 6 tater), which provides the 
clock to 1C5, another presettable up/down counter. IC5 is 
used to determine the starting position for the missile which, 
of course, advances by one for every alien hit, but decreases 
‘by one for every bomb dropped. For the moment let's 
assume that the up/down control pin 10 is at logic 1 (i.e. 


count up) and hence as soon as an alien is hit, |C5 counts up © 
by one. The outputs of IC5 feed into the preset inputs of IC6, .{ 
and the IC6 ouputs are forced to this preset condition when , 
the missile ‘run’ is completed; IC7 pin 3 (the last decoded © 
output of IC6) goes to logic 1, which feeds via !C12c to the 
pulse deriving network of C7, D14 and R25, then via IC 14d 
to the pulse stretching network of D17, C14 and R30, and | 
then to the preset enable pin 1 of IC6. So, when the missile § 
has finished moving towards the alien, it moves to a position » 
determined by IC5. For every alien hit the IC5 count in- 7 
creases by one, so each time the missile hits the alien it © 
jumps back one position before starting its next run. ; 

A missile is fired at the alien by pressing S2, a simple % 
push-to-make switch, contact de-bounced by R26 and C9. | 
This logic signal passes to the pulse deriving network of 4 
R24, D15 and C8 via IC11b, and then to the cross-coupled | 
latch (or ‘bistable’) formed by 1C11c and IC 11d. This causes | 
{C11c pin 10 to go to logic 1, forcing IC8 pin 4 (the reset | 
pin) to go high, which enables |C8 and allows the missile to / 
start ‘moving’. As mentioned above, at the end of the mis- © 
sile’s run IC7 pin 3 goes to logic 1 which then passes via 
IC12c to the pulse deriving network of C7, D14 and R25. 
This causes the latch to be set into the opposite state, i.e. 
IC11 pin 10 goes to logic 0, which resets 1C8 and stops the 
missile from moving forwards towards the alien. 


THE BOMB 

At every fourth pass of the alien over the missile base it — 
drops the bomb. IC3 pin 10 is the output which is at logic 1 
when the alien is in its central position, so this is passed - 
through IC4b and IC4a, both connected as divide-by-two cir- 
cuits. Hence, pin 1 of |C4a goes to logic 1 for every four out- 
put pulses from IC3 pin 10. C5, D3 and R20 form a pulse 
deriving network to illuminate the bomb |.e.d., D4, via 1C10e 
and R21, C4, R19 and D2 form a similar network with a 
much shorter time period, the pulse from which passes to 
1C12c and IC13b. Via 1C12c it stops the missile and presets 
{C6 in exactly the same way as IC7 pin 3 going to logic 1 
does. Via IC13b it passes to IC14b, 1C10d and then to the 
clock of IC5 in the same way as a ‘hit signal’ does. Also, it 
causes the up/down control to IC5 (pin 10) to go to logic 0 
via the pulse stretching network of D16, C10 and R27. 
Since the pulse derived by C4, R19 and D2 is much shorter 
in duration than the pulse stretched period of D16, C10 and 
R27, the up/down control is still at logic O (count down) 
when the clock input goes back to logic 1, so IC5 counts 
DOWN by one, moving the missile one position nearer the 
alien because of the preset enable pulse applied to IC6. Note 
that these timing delays have to be introduced between the 
up/down control and the clock to avoid hazards being 
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created; this was covered extensively in this month’s Digital 
Design Techniques article. 

If the missile is already at the nearest starting position it 
can get to the alien (D19 is lit) then we don’t want to move it 
at all when a bomb is dropped. I1C12d detects this condition, 
which corresponds to a binary count of 0011. The output of 
IC12d is inverted, and then disables 1C13b, preventing any 
counting down of IC5. 

WINNING AND RESETTING 

When you've finally moved the missile to its bottom l.e.d. 
position, D25, and then subsequently hit the alien from this 
position, the game is won. The output of |C5 becomes binary 
number 1010, which is detected by IC11a. The output of 
IC11a disables the “FIRE” switch S2 via 1C11b and stops 
the alien by disabling the oscillator formed by IC13d and 
IC13c. 

Power-on reset is provided by C13, R29 and !Ci2a. 
Manual reset, via S3, can also be applied in the same way. 
The reset pulse out of 1C12a pin 3 is inverted by 1C10a and 
used to reset the two flip-flops of IC4, and to preset enable 
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IC5, the preset inputs of which are connected to give a 
binary count of 0011; this corresponds to the missile l.e.d. 
D19 being lit, and is the starting condition for the game. The 
reset pulse also passes through IC14d and the pulse 
stretching network, then to the preset enable pin of IC6, and 
hence the whole system is set up to start a new game. 


SCORING 

The scoring circuit comprises the two 7-segment displays, 
IC15, 1C16, 1C17, IC18c and IC18d. IC15 is a dual BCD 
counter, with asynchronous cascading between the two 
halves being arranged by detecting the 1001 output of the 
first counter (i.e. the number 9) with IC18c, then when this 
count changes to 1010, pin 10 of IC18c goes back to logic 
1, so via the pulse deriving network of C17, D26 and R43 
and inverter 1C18d, this is used to clock the second counter 
which is arranged to trigger a negative edge. 1C16 and 1IC17 
are 7-segment latch/decoder/drivers, although in this ap- 
plication the latching facility is not used. The BCD inputs are 
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converted to 7-segment output codes (on pins 9 to 15) 
which drive the displays via current limiting resistors. The 
two counters are reset by the control circuit's reset pulse, 
and the first counter is clocked by the output of the latch for- 
med by IC11c and IC11d. (Because of the latching action 
this point is completely bounce free; the output of IC11b 
pin 4 would not be as bounce free, and could give false 
counting, So was not used even though it might seem to be a 
more likely point to take the scoring from.) 

SOUND EFFECTS 

The raucous noises generated by this game can all be 
blamed on the TOKO sounder used! This is a cheap piezo 
loudspeaker which can be driven directly from a CMOS gate 
{it has a very high impedance) yet gives relatively high sound 
levels. The alien hit explosion sound is generated by gating 
on the noise output af !C1 by the ‘hit signal’ pulse stretched 
by D293, R48 and C23. (IC20a is included to prevent any 
problems caused by feeding the ‘hit signal’ directly into the 
pulse stretching network.) 

Every movement of the missile is indicated by deriving a 
short pulse from the output of IC8 using the network of C21, 
D28 and R46 (and via IC19c), and using this to gate on and 
off a medium frequency audio oscillator formed by IC19a, 
R47 and C22. This gives out a short ‘squeak’ for each missile 
movement. The circuit is disabled, though, whenever the 
bomb is dropped or an overall win occurs, to allow these 
other sounds to take precedence, via 1C19c pin 9. 

The bomb and overall win sounds are both the same low 
frequency audio tone generated by I1C19b, with R45 and 
C20. The oscillator is gated on and off via a pulse stretcher 
circuit formed by D27, C19 and R44. In the case of a bomb 
dropping only a short tone is heard, but in the case of an 
overall win the tone is continuous until the game is reset or 
switched off. 1C18a and IC20c serve merely to combine the 
various effects and feed them to the sounder. 

Finally, D1 provides protection against incorrect connec- 
tion of the batteries, and C11, C12 and C18 decouple the 
power supplies to help stop transients from affecting circuit 
operation. Note that a high battery voltage is needed for the 
unit (12 volts) in order that a satisfactory noise voltage can 
be obtained from the reverse biasing of the TR1 junction. 
Although a 9 volt battery could be used, it would require 
special selection of TR1 to find a transistor with a par- 
ticularly high noise voltage. If preferred, a simple mains 
power supply could be added, either squeezed directly into 
the unit or as a separate ‘battery eliminator’. Part 2 of the 
Digital Design Techniques series (September '81) showed a 
suitable circuit; any voltage from 12 to 15 volts will work 
very well indeed. Whatever power supply is being used, 
make sure that it never exceeds 15 volts under any cir- 
cumstances, or change C12 to a 25 volt type and make sure 
that the supply never exceeds 18 volts. 

CONSTRUCTION 

The components should be soldered to the p.c.b.s as 
shown in Figs. 4 and 6. Leave the integrated circuits until 
last, don’t touch their pins with your hands, and use an 
earthed soldering iron. The |.e.d.s and displays sit well up off 
the p.c.b. surface, not flat down, and should be adjusted in 
height off the board to suit the spacers and fixings used. The 
displays will be visible through a ‘window’ in the case, and 
the |.e.d.s will fit directly through holes in the front panel. 
The piezo sounder should be fixed to its p.c.b. using short 
wire links fixed through its mounting holes. (Flying leads 
connect it to the other p.c.b.) 

The two p.c.b.s should be wired together using ribbon 
cable, jumper strip, or just discrete wire links as preferred. 
Join point A to A, B to B etc. The battery holder connectors, 
potentiometers, and switches can also be wired up at this 
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point using adequate lengths of flexible stranded wire. (A 
Spare pin on the power switch $1 can be used to anchor this 
joint between the two battery holder connector wires.) The 
case should be drilled to take the switches, pots, mounting 
pillars for the p.c.b,, the Le.d.s and a rectangular cutout 
should be made to allow viewing of the ‘score’ displays. This 
cutout should have a piece of red tinted plastic or perspex 
glued behind it to improve visibility and contrast of the 7- 
segment displays. Note that the Le.d. holes must be AC- 
CURATELY drilled to match the positioning of the |.e.d.s on 
the p.c.b.; it is easy to damage |.e.d.s by too much bending of 
their legs, so be careful! 

Lettering and symbols should then be applied to the case. 
The p.c.b.s, joined together and with pillars fitted, should be 
offered up to the case, screwed in, and the switches and 
pots added. The battery holders should be fixed to a suitable 
position in the case using ‘sticky fixers’. 

The SPACE EVADERS game is now finished. If it seems 
that the noise source is not operational (no logic level 
changes at IC2a pin 5) try changing TR1, or lowering the 
value of R4 to 1kO, and make sure that the supply voltage is 
as high as it is supposed to be. If no |.e.d.s come on at all, it 
is possible that they've all been inserted into the p.c.b. the 
wrong way round, so check this before proceeding. To test 
the action of the game, it is usually best to set the alien 
speed to minimum, and the missile speed to the maximum. 

There are many potential changes, modifications, and 
variations possible on the basic theme of this game. 
Naturally the more complex it becomes, the more likely it is 
that a dedicated microprocessor would prove easier to use 
than discrete logic. However, at the level shown it is fairly 
easy and economical to build, and the alien seems to be suf- 
ficiently difficult to beat that even die-hard enthusiasts of 
‘that other’ alien space game find it an absorbing deviation! 


Build a pair of DALESFORD D speakers 


The Dalesford D has enjoyed consistently good reviews and 
is acknowledged to be one of the best compact loudspeakers 
available. It is now offered in kit form at a considerable saving 
over the assembled speaker. 


The kit includes complete and finished cabinets, grille foarn, 
wadding, drive units, crossovers, etc. — everything, in fact, to 
make a pair of excellent compact loudspeakers. 


Suitable for amplifiers of 20 — 70 watts 
Size: 340 x 220x 265mm. Finish: Walnut/black foam. 


Price: £69.95 VAT per pair plus carriage £3.95 inc. 


> WILMSL 
(Baits 


S 
0625 529599 


(NEY The firm for Speakers 
35/39 Church Street, Wilmslow, Cheshire SK9 1AS 


EN Lightning service on telephoned credit card orders! 
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P. MacFarlane 


HIS computer (shown actual size below) is able to 
provide the following digital information in either imperial 
or metric units. 

Current or average speed and m.p.g., distance travelled, 
remaining distance possible on fuel left, average speed 
needed for remaining distance to meet an arrival time, 
acceleration and deceleration times between any two preset 
speeds, fuel used during acceleration, average m.p.g. during 
acceleration, distance covered including standard distance 
times and fuel used and provides instant and average fuel 
costs. 


MODES OF OPERATION 

There are three basic modes of operation: 

Indicating mode. This is used to display such things as 
current or average speed, or distance travelled. 

Remainder mode. The unit can perform simple calcula- 
tions such as remaining distance, remaining distance pos- 
sible on the amount of fuel left, average speed required for 
the remainder of a journey in order to arrive in the time 
allowed, and so on. 

Start-stop or programmed mode. This is used for 
acceleration timing and the like. 

There is also provision to drive a combination lock ignition 
cut out which will be described later. 


INDICATING MODE 

To cause the unit to display one of the functions listed 
above the buttons 1 to 5, simply press that button. ‘Time’ is 
‘elapsed time’ not time of day, the latter would require the 
unit to be on power even with the car engine off. This will 
read out in hours and minutes up to 19 hours 59 minutes 
and in decimal hours for longer times. The other functions 
read over three ranges depending on the value. ‘Fuel Use’ is 
either miles per gallon or litres per 100 kilometres. 

Pressing ‘Average/Low’ causes the unit to read average 
rather than instantaneous values if the function selected is 
‘Speed’ or ‘Fuel Use’, and to read 1000 times the value if the 
function is ‘Fuel’ or ‘Distance’. When the function selected is 
‘Time’, the unit reads in minutes and seconds or seconds and 
tenths. The main use for the low operation is for reading the 
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low values obtained during start-stop operation. To indicate / 
low or average, a colon shows by the ‘function’ digit. q 

‘Reset’ sets the time, fuel and distance stores to zero and | 
introduces the averages. 

‘Hold’ causes the total and instantaneous stores to be # 
held at their current values and an ‘H’ to show in the func- 
tion digit. It is still possible to change functions using keys 1 ! 
to 6 so the conditions at the moment the ‘Hold’ button was ; 
pressed can be examined. ‘Run’ cancels ‘Hold’ and returns to : 
normal operation. : 


REMAINDER MODE j 

The ‘Remaining’ key can be used to calculate values 
based on previously entered information as follows. 

‘Remaining’ followed by ‘Time’, ‘Fuel’ or ‘Distance’ causes + 
the value digits to read the entered quantity minus the | 
measured quantity. If a further key 1 to 3 is pressed, % 
the digits show the value of the first function based on the |} 
remaining second and the ratio of the two. For example, * 
pressing ‘Remaining’, ‘Fuel’, ‘Distance’ gives the amount of 7 
fuel required for the remaining distance assuming the same * 
average fuel use. ‘Remaining’, ‘Distance’, ‘Fuel’ is the dis- | 
tance possible with the remaining fuel and so on. The func- q 
tion digit always shows the units of the value digits. There | 
are nine such remaining calculations possible. 

‘Remaining’, ‘Speed’ calculates remaining distance 
divided by remaining time, which is the average speed now { 
required to complete the distance in the time allowed. | 
Similarly with remaining fuel use. 

To revert to normal use, press ‘End’ followed by the func- | 
tion now required, or the function twice. The unit will per- » 
form the equivalent of pressing the ‘End’ button eight 7 
seconds after the last button was pressed, unless in the hold 
condition. 

The quantities required for a journey are entered into the 
unit by pressing ‘Enter’, followed by the key for the function 
to be entered (1 to 3}, followed by the number, followed by 
‘End’. Thus to enter 253 miles, press ‘Enter’, ‘Distance’, 2, ' 
5, .. 5, ‘End’. The ‘End’ is needed to indicate that a subse- | 
quent key is not a number, but see previously about 
automatic ‘End’. 
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Numbers entered this way are not affected by ‘Reset’ or 
changes in the totalising stores, so if the same journey is to 
be done, the numbers need not be re-entered. To examine a 
number press ‘Enter’, followed by the key for the quantity to 
be examined. The previously entered number will now ap- 
pear in the result digits and can be modified as before using 
the number digits, or left the same by pressing ‘End’. 


START-STOP MODE 


The unit can be programmed to reset its stores when the 


display reads a certain number and to go to the hold condi- 
tion at another number. Either number can be zero in which 
case the unit will not reset until the display reads just above 
zero or will not hold until the display becomes zero. 

To enter the number the unit is required to reset at, press 
‘Enter’, ‘Start’ (same as ‘Reset'), followed by the number, 
followed by ‘End’. Similarly the stop number can be entered 
using ‘Stop’ (‘Hold’). ‘Enter’, ‘Stop’ sets a start-stop request 
flag in the unit, but the start-stop mode does not become ac- 
tive until ‘Run’ is pressed, indicated by a ‘P’ in the function 
digit. During start-stop operation the sample rate for instan- 
taneous values is increased up to eight times per second. 

Suppose it is required to test the acceleration of the car 
from O to 50 miles per hour, the sequence is as follows. 
Press ‘Enter’, ‘Start’, 0, ‘End’, ‘Enter’, ‘Stop’, 5, 0, ‘End’. The 
unit is then set to read ‘Speed’, the car driven to where the 
test is to be carried out, stopped (for long enough for the dis- 
play to go to zero), then ‘Run’ pressed. As soon as the car 
starts moving the total stores will be reset to zero, and when 
the speed exceeds 50 miles per hour, the unit will go to the 
hold condition. Press ‘Time’, ‘Low’ to see the acceleration 
time, ‘Fuel’, ‘Low’ the amount of fuel used and so on. ‘Speed’ 
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Fig. 1. Circuit diagram of main board 
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shows the speed at which the unit stopped, which will be 
just over 50. ‘Speed’, ‘Average’ the average speed, and 
soon. 

This is a very good way to tune a car as the best com- 
promise between performance and economy can be found 
quite quickly. The setting for ignition timing that gives the 
best performance also gives best economy, and up to a point 
the richer the mixture the better the performance at the 
expense of economy and vice-versa. 

It is possible to start and stop on any function, thus a 
standing + mile test can be done starting at zero and stop- 
ping at -25, reading ‘Distance’ (or stopping at 250 reading 
‘Distance’ and ‘Low’). Make sure though that ‘Reset’ is 
pressed before ‘Run’ when stationary. If starting and stop- 
ping on a time, this time must be expressed in decimal 
hours. 

Pressing ‘Reset’ when in the start-stop mode will start the 
unit without waiting for the start condition. Similarly the unit 
can be stopped early by pressing ‘Hold’. Going to the hold 
condition, manually or automatically, clears the start-stop 
mode. To repeat a test using the same figures press ‘Enter’, 
‘Stop, ‘End, ‘Run’. 

The start number can be greater than the stop number, 
used, for example, for braking tests. The display must be 
reading more than the start number when the ‘Run’ button is 
pressed, and obviously the wheels must not skid, 

It is interesting to repeat the distance tests accelerating 
both fiercely and gently, work out the difference in time 
taken and the difference in cost of fuel used, to obtain 
cost/time and compare that with how much you feel your 
time is worth to you. 

‘F.Cal’ and ‘D.Cal’ are used for calibrating the unit for 
metric or imperial use. 
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MAIN BOARD 

The circuit for this is based around a 8035L 
microprocessor with a 2716 program store (Fig. 1). A 
74LS373, IC3 is used to latch low order program store ad- 
dresses for the ROM which on the 8035L are multiplexed 
with the data bus. BO to B3 are also latched under the con- 
trol of the WR signal in 1C4, a 4035. This has exclusive OR 
outputs for driving the I.c.d. direct. 

The digit outputs for the display are in BCD form on fines 
ABCD, multiplexed under the control of strobes $1 to $4. 
The strobes also drive the keyboard, organised as a 3 x 4 
matrix, the sense lines being L1 to L3. Pull up resistors on 
the strobes are necessary because the 8035L port lines have 
a high impedance (50k) pull up on both inputs and outputs. 
Without the resistors there would be insufficient current to 
drive the keyboard lines. 

The 8035L has an internal 64 x 8 data RAM which is 
used for holding the various quantities which must not be 
fost when the ignition is switched off. Vy line drives only this 
RAM and is connected directly to the 5 volt regulator, IC6. 
This regulator is powered from the car battery directly. The 
rest of the circuit is powered via TR2 which is only on when 
the ignition switch is on. 

IC5 pins 9 and 8 and 5 and 6 ensure that a RESET signal 
is applied to |1C1 when the power is applied or removed. Pin 
6 of IC1 is used to sense when power is about to fail. 

The remainder of IC5 is organised as two Schmitt triggers 
for the inputs from the sensors. C14 and C15 ensure that 
there is maximum noise immunity when a threshold has just 
been crossed. 


DISPLAY BOARD 

The display board circuit is shown in Fig. 2. Here the 
7211A is a 4 digit I.c.d. driver and is fed with the multiplexed 
data ABCD and the strobes directly. The I.c.d. decimal 
points, results digits ‘1' and function colon are driven directly 
from the 4035. 


Fig. 2. Display board circuit. Note that X1 overlays 1C7 
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The keyboard is organised as a 3 x 4 matrix but is laid out 
on the board as 2 x 6. It is also driven one strobe early 
because the lines L1 to L3 are sampled at the end of.a strobe 
when the internal strobe information is for the next strobe. 

There are two bulbs for backlighting the display on this 
board. 

The basic microcomputer comprises IC1, 1C2 and IC3, 
and could be used to drive other display/keyboard arrange- 
ments, and with a different power supply/input arrangement. 


POWER SUPPLY AND INPUT 

Pin 26 of IC1 must be supplied with 5 + 0-5 volts con- 
tinuously to retain the information in the RAM, at a current 
of about 10 mA. When power is being applied or removed, 
pin 4 of IC1 (RESET) should be low and preferably when 
power is about to be removed pin 6 (INT) should be high. 
This puts the processor in a known state, and ensures that 
power will not fail half way through an addition for example. 

The flow pulses are applied to pin 1 and the distance 
pulses to pin 39, 1C1. A 4-433619MHz crystal is needed as 
in Fig. 1 for the timebase for the correct timing. 


KEYBOARD/DISPLAY 

The keyboard is matrix driven between strobe lines $1 to 
S4 and keyboard input lines L1 to L3, Note that the strobe 
lines are only capable of sourcing about 100A without pull 
up resistors. 

In order to get correct letter outputs on the function digits 
a code ‘B’ type decoder is needed for lines ABCD. There is a 
small amount of interdigit blanking on the strobe lines which 
will prevent ghosting when multiplex driving |.e.d. or fluores- 
cent displays, but which may not be sufficient when driving 
gas discharge displays. Strobe $1 is high when lines ABCD 
have information for the least significant digit, through to 
strobe S4, high for the function digit. 

Other output information is present on lines BO to B7 
when pin 10 of IC1 (WR) is low, as follows. 


EEEEEEEE 
3 Lal bed in 
stele stlek ikE bebe 


Practical Electronics December 1981 . 


QuVO8 AVIdSIG YSLNdWOD HVS 


Pd Abii Ji A RIAA 
EU AtSGSa egg 


SOCKETS FOR DISPLAY “x1 


Fig. 4. Component layout 


BO Most significant ‘1’ digit on display 
B1 199-9 decimal point 

B2 19-99 decimal point 

B3 Low/Average flag 

B4 Remainder flag 


B5 Start-stop information 


B7 Start-stop direction 
These are active low. The start-stop direction flag is low if 

the start number is greater than the stop number. 

Bits B5 and B6 operate as follows. 

B5=1,B6=1 Not programmed mode. 

B5 = 0, B6 = 1 Start-stop request—’‘Enter’, ‘Stop’ 
pressed, but not ‘Run’ yet. 

B5=0,B6=0 Start-stop active—’Run’ pressed from 
start-stop request. 

B5 = 1,B6=0 Started—unit has performed reset, dis- 
play value is between start number and 
stop number. 


FLOW SENSOR 

The unit requires approximately 20,000 pulses per litre of 
fuel. The flow range in a motor car can be from 1 to 50 litres 
per hour, and it is difficult to make a flow sensor to handle 
this range. There are problems too with pulsations in the 
flow. 

The recommended sensor has been designed specifically 
for this application and should be accurate to within 2 per 
cent. It uses a small helical turbine running in precision bear- 
ings, which is rotated by the flow, the rotation being sensed 
optically. It is mounted together with its pulse reducing valve 
in the fuel line between the fuel pump and the carburettor. 
This sensor cannot be used with fuel injection or diesel 
engines. 
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DISTANCE SENSOR 

The unit needs one pulse every 200mm or so, a sensor 
giving one pulse per revolution of the prop shaft could be 
used, or one giving 4 pulses per revolution of a half shaft. 
The recommended sensor fits into the speedometer cable 
giving 6 pulses per revolution. This is because of the dif- 
ficulty of making a universal fitting for a drive shaft sensor, 
and one fitting on the end of a speedometer cable could 
necessitate a tight bend in the cable. 

There are at least six different end formats for 
speedometer cables as well, but | have only come across 
two different inner cable sizes so far, both of which the sen- 
sor will accommodate. To fit it requires that the outer cable 
be cut at some point. A slotted disc inside the sensor rotates 
with the inner cable, the rotation being sensed optically. 


HOUSING 

In order to keep the outside dimensions of the unit as 
small as possible and to give a professional appearance to 
the finished unit, a custom box has been designed. 


CONSTRUCTION 

The p.c. board layout for the display and keyboard is 
shown in Fig. 3. Fig. 4 shows the component layout, the dis- 
play is mounted above !C7, in the soldercon connectors. 

Fit the three wire links first, then the switches, making 
sure that they are close against the board. Now fit IC7 as in 
Fig. 4, again pressed close to the board, and without a 
socket. Cut the bottom row of legs of this i.c. close to the 
board. Fit and solder the capacitor C16 and the soldercon 
sockets for the display. Break off the backing strip from the 
sockets. A small piece of white paper about 25mm/1in 
square stuck to the middle of IC7 will improve the ap- 
pearance of the display when back lit. Press the display into 
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the sockets so that the front of it is 11mm from the front of 
the board. Fit and solder the connecting wires on the cop- 
per side of the board. These can be 40mm/1+in lengths 
of 10/0-1 wire, or a 40mm length of 18 way O-1in pitch rib- 
bon cable. 

Figs. 5 and 6 show the printed circuit layouts for the main 
board. Fit a through pin in all top side pads and solder both 
sides. The position of the components is shown in Fig. 7; it is 
recommended that IC1 and iC2 be mounted in sockets. 
Solder in the sockets, but do not fit IC1 or IC2 yet. 


Fig. 8. Coils L1 to L3 con- 
sist of five turns each of 
kynar wire 
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L1 to L3 consists of five turns each of three lengths of 
-25mm kynar wire wound around the ferrite core as shown 
in Fig. 8. The core is held onto the board using a cable tie. 

Fit 1C6 and its heatsink (Fig. 9) last, an M3 x 8mm bolt 
holding them to the board, with the nut and washer on the 
component side. Fit the crystal (as far as the wires permit) 
lying over IC1, 


Fig. 9. Heatsink 
for IC6. It is only 
shown in outline 
in Fig. 7 
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Join the two boards together, again soldering the con- 
necting wires to the copper side of the board. The wires con- 
nect without crossing over, Fit the seven wires for the power 
and sensors, thread through the sleeving, and if the unit is to 
be mounted above the car dashboard, i.e. with the sloping 
part of the box at the top, thread the cable through the big 
hole in the board. Fit a cable tie approximately 75mm/3in 
from the board. 

The two bulbs are fitted through the holes in the display 
board, from the component side, making sure that the metal 
parts of them are not touching the metal bar passing through 
IC7, and held in place with adhesive (e.g. ‘Superglue’). Con- 
nect these to the main board with a twisted pair of wires 
kept away from the main components. 


TESTING 

Apply power between the —ve and +ve wires (black and 
red on board), 9 to 15 volts, and check that there is 5 volts 
+ .25 between 0 volts (heatsink) and pin 26 of IC1 socket. 
Now connect IGN (yellow) to the +ve supply and check that 
there is 5 volts between O volts and pin 40 IC1 socket. 
Remove the power, wait a minute or so for the capacitors to 
discharge and plug in IC1 and IC2. 

Apply power between —ve and +ve/IGN again, press the 
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Fig. 10. Box/front 
assembly 


‘End’ button (bottom right) on the keyboard, the ‘Run’ but- 
ton, then some of the buttons 1 to 5 on the keyboard top 
row and check that the function (leftmost) digit of the dis- 
play shows the key number 1 to 5. 


MAIN ASSEMBLY 

Refer to Fig. 10 for the positioning of the various compo- 
nents that make up the box front. Remove the backing paper 
from the switch label and fit it to the box front, making sure 
that the holes line up and that it is the right way up. Use the 
two plastic sprues from the box mouldings through button 6 . 
and 7 holes to align the label, and once pressed down do not 
attempt to move it. Fit the name label similarly. 

The transparent window is fitted to the inside of the box 
front using polystyrene cement or ‘Superglue’. Do not get 
adhesive on the visible part of the window, it does not come 
off! Fit the switch button assembly over its studs and melt 
the studs down to hold it in place. 

Thread the cable from the main p.c.b. through the hole in 
the back of the box cover and pull through, sliding the p.c.b. 
along the appropriate set of runners. These will grip the 
board fairly tightly. Press the board home, making sure that 
the board engages the slots at the back of the box cover, and 
that the capacitor C9 is not pulled from the board by the 
edge of the box. 

Locate the holes in the display p.c.b. over the long studs in 
the box front, and tucking the connecting wires under the 
main p.c.b., hook the keyboard side lugs on the box front into 
the slots in the cover. Press the display side lugs inwards to 
fit into the cover and press the front into the cover so that 
the lugs snap home. 


Next Month: Fitting the flow and speed sensors. 
Installation, calibration and a description of the program 
controlling the computer. 
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Fig. 5. Topside of p.c.b. 
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Fig. 6. Underside of p.c.b. 
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Fig. 7. Component overlay 
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Digital Design 
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Part § Advanced Sequential Circuits 


AST month we looked at the principles of flip-flops, 

dividing, counting and sequencing. This month we shall 
take the principles further and look at more complex devices 
and more sophisticated circuitry. 


SHIFT REGISTERS 

A ‘register’ is the term used for a collection of flip-flops, 
often with associated gates, which can be used to store and 
‘move around’ combinations of logic O's and logic 1's. They 
are used extensively in calculators, computers and 
microprocessors where each piece of binary information 
(logic O or logic 1) is known as a ‘BIT’ (which stands for 
Binary Digit). Hence, a piece of circuitry consisting of 8 flip- 
flops, and capable of giving eight logic outputs, might be 
called an 8 bit register. 

The most basic form of register is known as a ‘shift 
register’; it has a clock input, a data input and a data output, 
with logic O’s and 1's being ‘shifted’ through the flip-flops of 
the register, one position per clock pulse, from the input to 
the output pin. A basic 4 bit shift register based on D-type 

Qne1 Qne2 Qne) Qnes 
setT1 SET2 SET 3 Y sets 


{INPUT OUTPUT 


RESET 
CLOCK 


Fig. 5.1. Basic 4 bit shift register 


flip-flops is shown in Fig. 5.1. Whatever the logic state of the 
input, after one clock pulse point Qn+1 will be at that state, 
then after 2 clock pulses Qn+2 will be at that state, after 3 
clock pulses Qn+3 will be at that state, then after 4 clock 
pulses the output (Qn+4) will be at that state; the logic state 
of the input is being ‘shifted’ along the register. Hence, 
whatever the state of the input, the output will go to that 
state 4 clock pulses later. By changing the logic state of the 
input prior to each clock pulse, the ‘contents’ of the register 
can be adjusted at will. Note that the flip-flops must be edge 
triggered, otherwise input changes would be transferred 
directly to the output whenever the clock was at logic 1. 

Fig. 5.1 represents a ‘Serial In-Serial Out’ device; ‘data’ is 
represented by a series of logic changes at the input, one per 
clock pulse and emerges as a series of logic changes at 
the output 4 clock cycles later. This format of register is 
abbreviated to SISO. It may be more convenient to us, 
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however, to ‘fill up’ the register as required with 1's and O's, 
then to look at the points Qn+1, Qn+2, Qn+3, and Qn+4 
simultaneously. These give us a parallel set of data, because 
although the 1’s and O's were loaded into the register one at 
a time, they can be fed out of the register simultaneously. 
This is now a Serial In-Parallel Out register, or a SIPO. 

Taking the concept even further, it is possible to use the 
‘set’ inputs of the flip-flops to ‘preset’ a certain number of 1's 
and O's into the register simultaneously; applying clock 
pulses would then shift the 1's and O’s out of the register 
output pin one by one. It doesn't require a lot of imagination 
to see that this is a PISO: Parallel !n-Serial Out. The parallel 
outputs Qn+1, Qn+2, Qn+3 and Qn+4 can also be used in 
this instance, of course, in which case the device acts as a 4 
bit or ‘Quad’ latch. For consistency we can refer to this as a 
PIPO register: Parallel In-Parallel Out. 

Other far more complex registers are available which are 
often used in calculator and computer circuitry. For example, 
the First In-Last Out register, in which the first bit coming 
out of the register is the last bit that went in and vice-versa. 
The more usual type of course is a ‘FIFO’: first in, first out. 
Many shift registers are of considerable length (i.e. many 
bits); up to 1024 is typical of the larger types. (These, for ob- 
vious reasons, are only available in SISO form.) More 
generally available types such as the CMOS 4006 have 
several stages of shift register in them, mostly SISO but with. 
several parallel ‘tappings’.. Mention should also be made of 
the CMOS 4035. This is a 4 bit serial or parallel in, serial or 
parallel out device of great versatility and low cost, and can 
perform many complex functions. One of its most notable 
features is that the first stage is a JK flip-flop, with the K in- 
put inverted. Hence, all the input functions of a JK flip-flop 
can be utilised, or the J and K inputs can be connected 
together and it will behave as a normal D-type device. 


COMPLEX COUNTERS 

Last month we looked at basic counters, both decade and 
binary. There are, of course, much more advanced types of 
counter, with many extra facilities and functions. Many have 
decoding logic provided to count in special codes; often 
these are used to count and directly drive numerical displays 
such as the ‘7-segment' l.e.d. displays used in the Disco Hat 
project last month, or ‘liquid crystal’ displays. (We'll look at 
the 7-segment code next month.) Others have built-in 
latches, oscillators (less the capacitors and resistors) or even 
two independent counters in the same ic. package. The 
4018 is a presettable divide-by-N counter, and is in essence 
a cross between a shift register and a counter. It is a five 
stage counter, with counting stages that can be preset by 
parallel logic inputs, often known as ‘JAM’ inputs. The first 
counter stage has a ‘data’ input, which can be fed from any 
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of the outputs, via combinational gates if necessary, to set 
the values of ‘N’. By this means, the output counts up to ‘N’, 
then starts again from zero as a continuous process, with no 
‘glitches’ or transients that might be produced when using a 
simple self-resetting circuit. : 

Finally, probably the most useful counter in the CMOS 
range is the 4029; a presettable 4 stage up/down counter. 
Presetting occurs in parallel, in a similar way to the 4018 
mentioned above, and from this preset value the 4029 can 
count upwards or downwards, and in one of two possible 
codes, binary or BCD (binary coded decimal), which we shail 
be looking at later in the series. Two of these counters are 
used in the project this month, so a greater understanding 
of the workings of this i.c. will be possible now. There are, of 
course, even more complex counters than these; a frequency 
counter instrument, for example, is often based on-a single 
i.c. for the majority of its functions, but these are far more 
specialised in use and are usually fairly expensive when 
compared with the normal 4000 series of CMOS i.c.'s and 
most TTL series. 


SYNCHRONOUS/ASYNCHRONOUS OPERATION 

The term ‘synchronous’ means that changes in a device or 
circuit occur at the same time as the clock pulse. 
Asynchronous is the opposite of this; changes in the circuit 
can occur at any time, not necessarily related to the state of 
the clock. In the case of the 4029 up/down counter, for ex- 
ample, the preset ‘JAM’ inputs can be fed into the counter 
asynchronously, it doesn't matter what state the clock is in 
— the moment that the ‘preset enable’ pin is taken to logic 
1, the counter outputs immediately change to these new 
preset states. 


FLIP FLOP 4 FIF 2 FIF3 FIFS 


Fig. 5.2. Cascaded divide by two circuit 


To see how this affects the design and the use of coun- 
ters, let us look at the basic binary counter, as discussed last 
month. In Fig. 5.2, when the clock input goes to logic 1 it 
causes flip-flop 1 to change state. The change of state of this 
flip-flop then clocks flip-flop 2. Due to propagation delays, 
there is a finite time interval between the counter clock input 
changing, and the clock input of flip-flop 2 changing. When 
the state of the whole counter is such that the ‘D’ output 
state changes, this change takes place a considerable time 
after the counter clock input edge occurs: flip-flop 1 
changes, which causes flip-flop 2 to change, which in turn 
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causes flip-flop 3 to change, finally causing flip-flop 4 to 
change. These changes seem to ‘ripple’ through the counter 
and since output ‘D’ changes some time after ‘A’ changes 
and hence is not synchronous with the clock, this counter is 
known as a ripple or asynchronous counter. Although the 
delay is very short (normally less than 1s) it does result in 
invalid information being present at the counter output for a 
short while, which potentially could be latched into registers 
or other devices and result in serious mis-operation of the 
system. We'll look in greater depth at this type of error a 
little Jater on. 4 

To avoid this ripple effect it is necessary to change the 
state of all flip-flops simultaneously rather than in sequence. 
Fig. 5.3 shows a simple synchronous counter. You will 
remember that if the J and K inputs of a flip-flop are both 
held at logic 0, no change in the output state occurs when 


the clock goes to logic 1. If J and K are both at logic 1, the . 


outputs reverse state when the clock goes to logic 1. Hence, 
flip-flop 1 always reverses state; it is a simple divide-by-two 
circuit. Assuming that the other outputs start from an initial 
zero condition, then if the state of output A is 1 before a 
clock pulse occurs, flip-flop 2 will change state as soon as 
the clock pulse occurs, in turn changing output B. When 
both A and B are 1 before a clock pulse, i.e. binary count 
0011, then as soon as the clock pulse occurs, flip-flop 3 
changes state, so output C goes to logic 1; but, A and B also 
both change state (they go back to logic 0) so the count 
becomes 0100, and so on, 

The extra complexity and greater cost of synchronous 
counters is not always needed although both asynchronous 
and synchronous devices are readily available in both CMOS 
and TTL families. Practically the only operational disadvan- 
tage of synchronous circuits is that they tend to be less 
tolerant of slowly changing or noisy clock inputs. In a ripple 
counter all flip-flop clocks are derived successively from the 
previous flip-flop, and this relatively slow propagation of 
changes ensures that the correct logic changes all occur in 
the correct order, whereas in the synchronous counter a very 
slow or noisy clock edge may cause some flip-flops in the 
device to be clocked before others, (due to manufacturing 
tolerances in the CMOS threshold points) and this could lead 
to incorrect operation. Hence, it is important to ensure fast 
clean clock edges when driving synchronous circuitry, 


CASCADING COUNTERS 

The use of synchronous or asynchronous circuit designs 
should also be considered when cascading counters. 
‘Cascading’ is the term used to describe the joining together 
of two or more counters to make a much larger counter in 
total. This can sometimes be as simple as taking the last out- 
put of one counter and feeding it into the clock input of 
another counter, but is considerably complicated when 
up/down counters are involved. Often, these i.c.’s have ‘carry 
out’ and ‘carry in’ pins, to permit easy cascading. 


c D 
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Fig. 5.3. Synchronous binary counter 
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Once again, data sheets and books should be consulted 
for detailed applications of counters including asynchronous 
and synchronous cascading where appropriate: there are far 
too many different possibilities and circuits to go into here. 
The discussion of synchronous versus asynchronous work- 
ing, and the potential errors introduced into logic systems, 
leads us naturally on to look at the whole aspect of errors in 
sequential logic circuitry, these errors being collectively 
known as ‘hazards’, 


HAZARDS 

Due to manufacturing variations and tolerances and to 
physical limits on the speed of propagation of electric 
signals, various delays and timing differences are always 
present in logic circuitry. Outputs of gates change a finite 
time after the input has changed; counter or latch outputs do 
not all change simultaneously, etc. We can classify the ef- 
fects and types of errors in circuit operation due to these 
timing differences. A ‘hazard’ is an incorrect or invalid state 
of a logic output and a ‘race’ is the time difference between 
the changes of various outputs within the circuitry; hence, 
some races cause hazards, 

‘Transient Hazards’ are caused by, and occur for the dura- 
tion of, the delay between the input of a circuit changing and 
its output changing. The error in the circuit operation is only 
present during this propagation delay period, and hence it is 
a short duration, or transient effect. However, if this tran- 
sient hazard results in a permanent error in the following cir- 
cuitry’s state {a flip-flop is reset, for example, when it should 
not have been) then the error is termed a ‘Static Hazard’. 
Timing differences between supposedly simultaneously 
changing outputs of a circuit are known as ‘races’; the out- 
put changes of a ripple counter are a good example of a race, 
because, as already discussed, output changes do not occur 
simultaneously, but in succession. If a race gives rise to a 
permanent error (i.e. a static hazard) in the state of the 
following circuitry, then it is known as a ‘Critical Race’. Any 
other types of hazard all fall under the overall category 
heading of ‘Race Hazards’. 

There are forms of mathematics which can be used to 
describe and manipulate the design of sequential circuits, 
using similar (but more complex) types of ‘maps’ to those 
used in ‘Boolean Algebra’ as discussed in Part 1 of this 
series. Unfortunately, they are very complicated indeed and 
far too involved for us to look at even briefly. These 
mathematical techniques have procedures for removing all 
the above mentioned hazards or at worse reducing them to 
transient effects only, but to avoid going deeply into the 
mathematics we shall have to be content with a rather more 
intuitive, common sense approach to the problem. 


TYPICAL PROBLEMS 

Hazards are typically caused by trying to have too many 
sequential circuit elements fed from the same single logic 
change. A frequently seen design error is to have the same 
control used to reset a flip-flop (or counter} as is used to 
latch the output of that flip-flop (or counter); in this case, 
correct operation of the circuit is obviously dependent on the 
latch being operated before the device is reset, not the other 
way round. Similar problems can be encountered with 
up/down counters; see Fig. 5.4. !f the up/down control is at 
logic 1 when the clock input goes to 1, the device counts up; 
if the up/down is at logic O when the clock input goes to 1, it 
counts down, If the same pulse is used for both the up/down 
control and the clock, then depending on which delays in the 
i.c. are greater, the counter could count down as shown in 
Fig. 5.4a or up as in Fig. 5.4b. In practice it is usually found 
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Fig. 5.4. Race hazards in an up/down counter 


that the circuit will sometimes count up and sometimes 
down. The effects are unpredictable. Note also that these 
delays (and hence the timing errors) can be both internal to 
the ic. and external to it in the control logic and other sur- 
rounding circuitry. 

Another often seen design error is to have the input to a 
flip-flop or other sequential i.c., dependent on the output of 
the same i.c., often via an indirect path of combinational 
gates. In some instances this is allowable; self re-setting of 
counters, for example, and divide-by-two circuits as dis- 
cussed last month. However, it is frequently the cause of 
race hazards, and should be avoided in most cases. Finally, 
be aware that some counters, shift registers, etc., give out 
short transients on their outputs when in the process of be- 
ing reset. Although these are only transient hazards, they 
could become static if the following circuitry is not carefully 
designed to allow for this effect. This is not usually a 
problem, as most devices do not exhibit this fault, but it is 
worth bearing in mind. TTL seems worse than CMOS in this 
respect. 


THE ELIMINATION OF HAZARDS 

Generally speaking, the best way to design out hazards is 
to ensure that only one change in a logic signal path hap- 
pens at a time, or, if several supposedly simultaneous and 
related changes occur, to arrange that the following circuitry 
is not dependent on receiving all its inputs at exactly the 
same time. Often, extra gates or sequential devices have to 
be added to isolate or avoid potential hazard situations. 

There are several techniques employed to space apart 
‘events’, or critical logic changes, in time. Fixed time delays 
can be added to the relevant parts of the circuitry using 
monostable timer i.c.s or simple resistor/capacitor networks 
as already discussed in this series. The time delays 
necessary are usually very short indeed, so smail values of 
capacitor and large values of resistor can be used (usually a 
few hundred picofarads and a few hundred kilohms) which 
places negligible loading on the outputs of CMOS logic, 
causing no ‘glitch’ or transient problems. In fairly simple cir- 
cuits, sufficient time delay can be added by passing the 
offending logic signal through a few spare gates in series, 
acting as inverters or buffers as required. The propagation 
delay of most CMOS gates is between 20 and 100ns and 
this is often sufficient to compensate for a slight timing error 
elsewhere. The addition of gates in the signal path is the 
technique usually employed within i.c.s to correct for time 
delay errors and races, and remove potential hazards. In fact, 
the only way in which some flip-flops, counters, and shift 
registers can actually work at all is by utilising propagation 
delays. In the basic binary counter shown in Fig. 5.2, the cir- 
cuit action is based on there being a finite propagation delay 
between each flip-flop’s D input state being clocked in, and 
that flip-flops Q and QO outputs changing. If this delay did 
not occur, the Q output could never be used to feed back to 
the D input; the device would just sit in an indeterminate 
state. The synchronous counter, Fig. 5.3, is similarly depen- 
dent on propagation delays for its correct operation. 
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It may be possible to avoid hazards by using both edges of 
a pulse, instead of just one edge, often necessitating the 
inversion of the edge of the incorrect polarity. Hence, one 
event may be caused to occur by the O to 1 transition, and 
the other event by the 1 to O transition, spacing them apart 
by the width of the clock pulse, in a similar way to the two 
pulses derived in the “PE Pulser” described earlier in the 
series. Beware, though, that it is often bad practice to use 
edges for implementing several functions simultaneously, 
because (as mentioned in the case of synchronous counters) 
different logic inputs can trigger at different points on the 
waveform edge. In these instances it is wise to keep the 
edge as fast and ‘clean’ {i.e. noise free) as possible. 

If a number of events must be made to happen in a fixed 
sequence, it may be necessary to add some form of sequen- 
* cer to control them. For example, a shift register or decimal 

counter could be used, with each paralle! output connected 
to the relevant circuit to be controlled. Finally, one should 
remember that most transient hazards are only a few 
nanoseconds long, which is often too short to trigger logic 
probes. 


RANDOM PULSE GENERATION 

We've been concerned until now with the removal of 
noise, transients, and other spurious effects from our logic 
circuitry. There are, however, situations which actually re- 
quire this type of logic change: random number generators! 
These are often used in statistical work, for testing purposes, 
or more usually in games and gambling machines! 

In its simplest form, the generator can be a very fast runn- 
ing oscillator (10 or 100kHz typically) gated on and off by a 
pushbutton switch, and feeding a counter, as shown in Fig. 
5.5. The frequency should be selected such that many com- 
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Fig. 5.5. Simple random number generator 


plete counter cycles occur in O-1 seconds. By this means, 
there is no way in which the person pressing the button can 
pre-judge the value of the counter output. However, if a 
second oscillator is being used to gate the first on and off, 
patterns of output numbers will be seen to occur after a 
time. A ‘pseudo-random’ number sequence can be 
generated by feeding the counter from a clocked shift 
register with various combinations of gates taking parallel 
outputs of the register and feeding them back, suitably com- 
bined, into the serial input. This technique will still cause 
repeats of patterns, although it can take many thousands of 
counts before any repetitions are obvious. Finally, a ‘pure’ 
noise source can be used, such as the amplified noise 
generated by the reverse biasing of a transistor junction, 
Our project this month is Space Evaders on page 22. 


NEXT MONTH 

Next month we cover Numerical Systems — the various 
codes and arithmetic used in digital electronics, and the driv- 
ing of numerical displays. 
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LTHOUGH the Genesis series of hydraulically powered 
robots can be controlled by a simple bank of push- 
button switches energising solenoid operated valves, it is 
necessary to use an electronic control system with feedback 
to take full advantage of the power and the versatility of 
these machines. Feedback of positional information is a 
feature included in these machines, which, although essen- 
tial for reliable repeatability, is absent in the majority of all 
other low cost machines, severely restricting their use as 
emulators of the mainstream industrial robots. The block 
diagram of the microprocessor based control system is 
shown in Fig, 2.1. 


MICROPROCESSOR UNIT 

The heart of the system is the microprocessor unit which 
performs the task of overseeing the complete system and 
issuing control signals in response to arm positional data, 
programmed-in commands, commands from the control box 
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or information from an external computer. With its CMOS 
memory it stores the positions of the arm and by using servo 
techniques wil! instruct the robot to repeat the sequence of 
tasks programmed in. Each of the arm and joint positions is 
defined by an 8 bit word giving a resolution of 1 part in 256 
(0-4%). Data is transferred to and from the interface board 
by 8 bits in parallel whilst data is received from the control 
box serially, permitting the use of a simple infra-red link to 
be used for controlling the Genesis M101 mobile machine. 
In the interests of standardisation, interfacing with an exter- 
nal computer is via an RS232C serial interface with a range 
of baud rates between 300 and 9600. Although this facility 
is included, an external computer is by no means necessary 
as the system's own processor and operating system 
provides all the functions normally required. 
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INTERFACE BOARD 

This board produces the power supply rails for all the elec- 
tronic units; it also generates a precision reference sine- 
wave for the position detector units. It-detects the position 
feedback data and converts it to a d.c. voltage which is then 
multiplexed into an ADC. This then delivers its data to the 
microprocessor. All data into and out of the microprocessor 
is held in latches on this board. The solenoid valves are 
driven by Darlington power drivers which are themselves 
driven by the latched data. This board together with the 
microprocessor board fits on the rotating platform of the 
M101, but for the bench mounting $101 and P101 there is 
a separate cabinet which encloses the pair of them. 


CIRCUIT OPERATION 

Refer to interface board (Figs. 2.2 & 2.3). The power sup- 
ply is relatively simple. Most of the electronics runs from 
+5V which is obtained from two regulators 1C13 and IC 14. 
The positive unregulated rail is used to power op. amps. and 
some other devices, and is nominally +10 to +12V. A 
negative rail is needed to power the op. amps. and so a d.c. 
to d.c. converter is used (1C12). This delivers —7 to —9V at 
about 40mA. This is quite a low current and so it is 
necessary to use low power op. amps. (LM324 quad 
devices). 

Latches IC19 to IC23 latch data into and out of the 
microprocessor section. Latches !C19 and 1C20 send data to 
the Darlington drivers which drive the solenoid valves (Fig. 
2.6). The solenoids need 600mA of current drive and so two 
drivers are paralleled to provide enough drive. Because of 
the high current, i.c. sockets are not used for these drivers. 
The ULN2003 also has internal protection diodes to prevent 
damage from back-e.m.f.s from the solenoids. The latches 
can be turned on and off (tri-state outputs) so that the 
solenoid drivers can be manually tested, i.e. tested without 
the microprocessor. 

The position detectors use a magnetic coupling principle 
(Fig. 2.5) which avoids any electrical contacts on moving 
parts. Two coils are wound on a tube that fits on the outside 
of the non-ferrous hydraulic cylinder. A sine wave is fed to 
the drive coil and it is detected on the pickup coil. The size of 
the pickup signal depends on the magnetic coupling be- 
tween the coils, which is dependent upon the position of the 
steel actuator rod (see graph). The pickup signal is at- 
tenuated by about 30dB relative to the drive signal and 
changes by about 6dB at the operating frequency of 100Hz. 
Fast response in the system is ensured by the carefully 
designed detector electronics which has a very short settling 
time. 

The reference oscillator is a state variable filter with 
positive feedback (I1C5). A low distortion sinewave (total har- 
monic distortion of about 1%) is fed into a power amplifier 
(IC6), which is used to drive the position detector coils. The 
position detector electronics consist of a precision full-wave 
rectifer, a notch filter and a lowpass filter, see Fig. 2.4. Half. 
wave rectification can be seen at the junction of D2/R3. 
Full-wave rectification occurs by mixing this signal with the 
original. The smoothed full wave rectified signal has a strong 
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Fig. 2.5. Position detector 
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Fig. 2.6. Darlington drivers for solenoids 


200Hz component and theoretically no 100Hz component. 
The 200Hz component is attenuated by the notch filter and 
it is then further filtered by a 50Hz lowpass filter. The last 
stage of the detector is a variable gain stage with a variable 
d.c. offset. The output voltage should be OV with the ac- 
tuator extended, and +2-5V with it retracted. There are 5 
detector circuits on the interface board, although only 4 are 
used on the M101 and S101 robots, i.e. one for each move- 
ment except the gripper where there is little advantage in 
knowing how open its fingers are. The five detector output 
voltages are multiplexed (IC25) into the micro-processor 
controlled ADC (Analog to Digital Converter), 1C24. Conver- 
sion time is about 20 microseconds. IC1, 2, 3, 4 are used to 
detect the incoming data from the manual control unit which 
will be discussed in a future part. 


NEXT MONTH: Display and Motor boards, plus mobile wheel 
base, 
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NOISES OFF 

The trouble with noise reduction systems 
like Dolby is that audio signals have to be 
encoded before transmission or recording 
for the technique to work. The principle em- 
ployed relies on the pre-emphasis of high 
frequency sounds before recording, and the 
de-emphasis of those portions of the audio 
spectrum during replay. Troublesome noise 
sources introduced during the recording 
and replay phase such as tape “hiss” are 
not boosted during pre-emphasis but are 
attenuated during de-emphasis with the 
result that the high frequency noise ‘floor’ 
is dropped by up to 10dB for the Dolby B 
system. All this is fine if signals are properly 
encoded by means of pre-emphasis before 
reproduction, but it cannot help at all in the 
case of un-encoded signals such as most 
radio broadcasts, records, and old tape 
recordings. 

A new technique called Dynamic Noise 
Reduction (ONR}, while probably not 
replacing Dolby where it can be most effec- 
tively employed, in cassette systems for ex- 
ample, offers the major advantage of being 
completely independent of any sort of pre- 
emphasis or encoding and therefore usable 
with any kind of audio source——even old 78 
records! This technique relies on the 
phenomenon of auditory masking exploited 
by the use of signal controlled bandwidth 
reduction in the replay or receiving equip- 
ment only. 

Taking advantage of the fact that 
aggregate noise output is proportional to 
the bandwidth of the system, DNR acts to 
reduce bandwidth or frequency response 
when only low audio signal levels are pre- 
sent, while increasing it to the maximum 
possible during louder passages. While the 
signal level is high, then no noise reduction 
takes place in the DNR circuitry, but the 
human ear can happily take care of these 
situations unaided thanks to the auditory 
masking of the lower level high frequency 
noise components during loud passages. 

Electronically, the audio signal is fed 
through a low-pass filter with a variable 
cut-off frequency which is ‘tuned’ 
dynamically by the incoming signal level. To 
ensure a well balanced response, it is 
necessary to pass the incoming signal 
through a high-pass filter with a 6dB per 
octave slope and a —3dB point at about 
6kHz before using this to generate the filter 
control signal. This ensures that a loud low 
frequency signal opens up the bandwidth 
less than a loud high frequency signal. 

National Semiconductor have produced 
one chip that does the whole job, coded 
LM1894. It contains two variable low-pass 
filter sections {for stereo applications), a 


summing amplifier to combine the two 
input signal channels, and a detector and 
voltage to current converter to drive the 
filters. All you need in addition to the 
LM1894 and its 14 pin plastic package are 
a few resistors and capacitors, and maybe 
a 19kHz filter coil if the circuit must handle 
stereo broadcast signals. 

(At the time of going to press, the 
LM1894 is not available, as National are 
considering the introduction of a licensing 
system, similar to that presently being 
operated by Doiby.—€d.} 


CMOS REGS 


Those Intersil whizz-kids who showed us 
that CMOS wasn't just a logic technology 
have done it again. Their latest CMOS chip 
is going to be very useful in very many ap- 
plications, in fact now that | have seen the 


spec. | can't help wondering how we 
managed to get by without it all these 
years! 


On offer are their ICL7663 and 7664 
voltage regulators, but these regulators are 
unique in: a) being made in CMOS, and b) 
having a standby current consumption of 
just 4 microamps—maximum! The new 
chips are ideal for battery powered instru- 
ments that need stable supply rails, and 
they can handle supply currents from only 
1 microamp to a respectable 40 milliamps 
over a voltage range adjustable from 1-6 to 
16 volts with an input-output voltage dif- 
ferential of only 50 millivolts. 

You can even use these babies as 
switches to save even more precious juice 
during your system's idle moments, a sim- 
ple logic command is all you need to use 
them as an on/off switch, just like on those 
fancy l.c.d. calculators which turn them- 
selves off when you ignore them for long 
enough. 

The !CL7663 handles positive voltages 
and the 7664 negative voltages, and in 
their 8 pin mini-dip packages they will only 
set you back a pound or two, a bargain if 
ever | saw one! 


CORPORAL ZILOG? 


You may remember me mentioning the 
“Captain Zilog” comic strip character and 
his heroic deeds among the index registers 
of the Z8000 sixteen bit microprocessor. 
Well the 16 bit race is now old hat, and 
Zilog seem to have retired their hero on full 
pay. Not that he was a complete success, 
because it now seems that the Intel 8086 
and the Motorola 68000 are selling rather 
better than the Z8000, probably because 
Intel were first and Motorola have 
(arguably) the better chip. 


Another possible reason for the lack- 
lustre sales performance of the Z8000, 
despite the tremendous success of the 
eight bit Z80, could be the lack of an “in 
between” processor to bridge the gap from 
eight to full sixteen bit performance. Intel 
have their 8088 which is really an 8086 in- 
side working with a multiplexed eight bit 
bus outside to keep system costs low, and 
Motorola have the 6809 which is rather like 
a souped up 6800 with a lot of internal six- 
teen bit operations which the earlier 6800 
lacked. 

Now Zilog are not an outfit to let the 
grass grow under their feet, and to meet the 
challenge they are about to introduce a new 
device which could prove more popular 
than either the 8088 or the 6809 since it 
will build directly on their acknowledged 
success with the Z80. The new chip will be 
known as the Z800 (surprise surprise!) and 
it will offer complete code compatibility 
with the Z80 so that system upgrade will 
be possible without rewriting software, 
something which neither of the competitors 
can claim. Despite its ability to run Z80 
programs, the Z80 is a true 16 bit machine 
internally with a very advanced perfor- 
mance which will allow even old Z80 stuff 
to run three to five times faster, with even 
better results available when new programs 
are written to take full advantage of the 16 
bit architecture and new opcodes. 


The Z800 will also be available in two 
basic versions. The first of these uses a 
non-multiplexed eight bit bus compatible 
with existing Z80 systems which offers a 
very simple performance increase to es- 
tablished Z80 users. When users are ready 
for yet more power, they can switch to the 
second version which has an 8088 type 
multiplexed bus to make better use of its 
sixteen bit architecture. After that gentle 
rise in capability, 2800 users are expected 
to find the switch to full Z8000 sixteen bit 
designs a painless procedure! 

All this is interesting of course, but all | 
am waiting for is the new comic—featuring 
Corporal Zilog no doubt! 


WESTERN SUPPLIER 


In last October's Semiconductor Update, 
one of the featured devices was the WD55 
from Western Digital. | mentioned that it 
was available in this country from Jee 
Distribution of Hayes, Middlesex. Now | am 
informed that Jee do not stock the WD55, 
but it is available from Pronto Electronic 
Systems of !Iford, who are distributors for 
Western Digital. 
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FRANK W. HYDE 


THE SECOND SHUTTLE 
MISSION 


After the first and historic mission of the 
spacecraft Columbia there was widespread 
excitement, and relief that the mission had 
achieved its object. Naturally there was the 
enthusiastic reaction and speculation that 


there would be an immediate turnround 
programme for a second mission. However, 
after the first inspections and examination of 
various items of a physical nature, some of the 
data concerning the aerodynamics, coupled 
with the new programme for the second and 
perhaps vital trial, more time has been needed 
before orders to proceed were forthcoming. By 
the time you read this, history will have deter- 
mined the way in which the programme will 
proceed after the second mission. 

The sophistication of the electronics in- 
volved in space programmes is exterisive and 
much of the practice is well known to those 
familiar with the art. Perhaps in some ways 
many people have become somewhat blasé 
about the whole business. Yet those engaged 
directly or indirectly with the space 
programme are still very conscious of the im- 
plications for the future. The public generally 
have come to regard even Columbia as a 
secondary matter to pop stars and football. 
While many of those close to the matter do 
regard such an attitude as heresy, the fact is 
that the very attitude is in a way complimen- 
tary. The main theme of any activity seems to 
contain a large element of gladiatorial 
stimulus. The fact that space activities are 
commonplace and do not have great disasters, 
takes from the matter the excitement required. 
It is significant perhaps that this really is an 
admission that modern technology /s reliable. 

The second mission of Columbia, with 
USAF Colonel Joe H. Engle and Navy Cap- 
tain Richard H. Truly, will be carrying out an 
extensive survey of the many unknowns which 
became evident in the first flight. There were 
some unusual events noted on the first mission 
with regard to aerodynamics. The two 
Astronauts have been preparing certain plan- 
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ned manoeuvres by using the Singer Link 
simulator. These relate to some complicated 
supersonic and hypersonic techniques for re- 
entry plans. The data obtained will provide in- 
formation about the vehicle’s centre of gravity, 
angles of attack and flight stability and perfor- 
mance required by the differing characteristics 
of the various payloads. It is clear already that 
an important point in re-entry is manual con- 
trol. Both Astronauts will be very busy on this 
trip for there are 19 groups of manoeuvres to 
be made. Some of them allow intervals of only 
20 seconds between sequences. 

On the first mission the vehicle was quite 
stable. Bank reversals were manually flown at 
Mach 5 and Mach 2-8 but did not use manual 
control; apart from that, until reaching an 
altitude of 35,000 ft no manual control was 
exercised, One of the reasons for this was that 
at Mach 5 and Mach 2-8 there were stability 
questions in those two areas. Mission 2 will 
operate manual control slightly differently. 
The Mach 5 and Mach 2-8 manoeuvres will 
be flown automatically because they were 
found to be stable in practice. However the in- 
itial bank manoeuvre will be initiated 
somewhere about Mach 24 to 25 with manual 
control and reach up to 80° bank at an 
altitude of 260,000 ft. In this area more 
precise contro! can be maintained manually 
than could be achieved by automatic control. 
It was in fact at this point on Mission | that a 
roll oscillation that exceeded the expected 
sideslip occurred. ; 

The importance of the simulator in the 
whole scheme of vehicle control is exemplified 
in the remarks made by the first of the Shuttle 
crews. Both Young and Crippen have already 
made reference to the fact by such remarks 
which indicated that actual experience of re- 
entry was helped enormously by the time 
spent with the simulator. It is here perhaps 
that tribute should be paid to such men as 
Major Steven R. Nagel of the USAF who 
specialises in shuttle re-entry issues. During 
re-entry the incoming data is mainly from 
dynamic pressure and velocity. Dynamic 
pressure is most active above velocities of 
Mach 22 at an altitude about 238,000 ft. 
Below this the velocity is the more useful 
parameter from which to initiate the next 
manoeuvres. Great use is made of ‘cue’ cards 
in much the same way that aerobatic teams 
Operate. With the Shuttle the cues relate for 
example to the dynamic pressure or the 
velocity at which to initiate action and a 
minimum level of control system propellant 
below which any manoeuvre would not be 
continued. There will be a time at re-entry 
when communications after the radio black- 
out period will be kept to a minimum. This 
is to allow the astronauts maximum concen- 
tration at about Mach 10. 


THE NEW INDUSTRIALISATION 
The success of the first Shuttle mission and 
the soon to be realised hopes of the second, is 
Already accelerating the vanguard of mew 
things and the rapid development. of those 
begun. Robotics has an important part to play 
here. The success of the USSR in their unman- 
ned automatic missions to embryo space sta- 
tions gives new impetus to the extension of 
man’s peaceful pursuits in recovering the fruits 
of the Earth and its environs. The reduction of 


certain activities required in any task has been 
established for more than a century, Now 
though the mechanical precision is still very 
much required, it is the control which needs 
the most attention. There is an opinion among 
a large group who consider that all things 
should be done by remote operation. The 
argument usually is that this reduces mor- 
tality. Some reason quite well and plausibly.: 
There is good reason to suspect fear is a 
motivation for some of this. Perhaps it will be 
possible to be free from this naive approach 
when the forecasting aids such as simulators, 
which can give real time information leaving 
practically nothing to chance, are used. 
Though in some instances continuing com- 
munication in real time becomes difficult when 
extensive journeys from the Earth are under- 
taken, nevertheless this has been shown with 
the Voyagers to be surmountable. 

In the specific instance Marshall Space 
Flight Center in Alabama have tasks which 
are being examined by the Massachusetts In- 
stitute of Technology under a one year con- 
tract to investigate systems of robotics for 
working in outer space. When work is re- 
quired to be done in geostationary orbits or 
others at high altitudes protection for 
astronauts would have to be extensive. This is 
due to the high level of radiation and also the 


conditions of magnetic fields holding charged - 


particles inimical to the biological machine— 
man. The robotic units would of course be im- 
mune, It is to be hoped that the robots of film 
fame have finally disappeared when these mat- 
ters are discussed and a great deal of engineer- 
ing skill will not be squandered in making man 
in his own image. Indeed one robotic unit with 
which the writer is associated puts all three of 
the parameters (seeing, feeling and hearing) 
into one box manipulator. It is perhaps perti- 
nent to point out here that there is always a 
revival of the ‘making machines think’ ap- 
proach. It is on some occasions perhaps worth 
while asking why people approach the subject 
from the wrong end, that is thinking of emula- 
tion instead of analysing the problem in its 
reality. The designing of Automatics (as the 
writer would prefer to call them) has been 
around for a long time and many people do 
not seem to realise that these form quite a 
large part of the engineering scene. It is only 
the advent of some of the new requirements 
that focuses attention and ideas run riot. Also 
it has to be remembered that these highly 
sophisticated units .would be in many cases 
directed at a particular task. If one encoun- 
tered a space unit not of the kind for which the 
‘robot’ was designed, it would be useless. 

This leads to another important point: stan- 
dardisation. It will be necessary for the 
builders of new satellites to adopt some com- 
mon agreement as to configuration. This does 
not necessarily mean overall but rather the 
standard units could be those which have a 
finite lifetime and could have a configuration 
which was standard including fixing with a 
homing signal to which it could call the repair 
unit. This would apply to much of the 
operating equipment including the replace- 
ment of manoeuvring propellants etc. 

Whatever may be the progress in this area 
the final and human way will be to take a look 
see! Nothing in the foreseeable future will take 
the adventure from the human temperament. 
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PART 2 A.J.BOOTHMAN 


HIS month the principles and construction of the 

peripheral system which operates in conjunction with the 
Microcontroller will be described. 

The Band-Box provides a full trio backing of musicians in 
a single unit and may be programmed by the vocal or in- 
strumental soloist to give automatic accompaniment for 
some 50 to 100 tunes dependent on the complexity of each 
score. 


THE MICROCONTROLLER 

Fig. 3 shows the track jayout and component overlay for 
the p.c.b. and it is advisable to closely inspect this before 
proceeding, particularly ensuring that bridges are not pre- 
sent between any of the tracks. 

The first operation is to insert the track linking pins from 
the front of the board. Track pins are easily pushed into the 
holes and broken off from the stick, using a metal implement 
e.g. screwdriver, the pins can be pushed home with the 
thumb and then soldered on top of the board. Note that 
some of the pins are positioned underneath i.c. sockets so 
that it is essential they are inserted first. 

All i.c.s should be mounted in sockets which can be 
soldered to the board in the same operation as the resistors. 
In order to avoid confusion later it should be noted that all 
ic. sockets have some indication to fix the position of pin 1 
and this should be followed at this stage to ensure that 
orientation of the i.c.s is not confused at a later date. 1C1 has 
pin 1 to the bottom of the board, I|C2 to the right, IC3-7 to 
the left. Memories IC8-11 have pin 1 to the top, 1C12-15 to 
the bottom, monitor 1C16 is to the top whilst the spare 
EPROM position is to the bottom. At this stage the larger 
components should be soldered to the board. Some difficulty 
may be experienced in soldering with a 1mm bit on the 
larger components and a #in bit may be necessary. 

A further inspection of all tracks and connections should 
be made after assembly of the board including meter checks 
on adjacent tracks to detect shorts, and then the i.c.s can be 
inserted into the sockets. IC9, 10, 11, 13, 14, and 15 should 
be omitted until the complete Band-Box has been tested 
since they are unnecessary until the first five pages of the 
score store have been used and there is no point in risking 
damage to them unnecessarily. When any i.c.s are inserted 
care should be taken to ensure that all pins correctly enter 
the socket and do not bend under the integrated circuit. 
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Apart from checking for track shorts and missing solder con- 
nections this is the third most common cause of malfunction 
in high density i.c. based systems. 


SYSTEM BOARD 

The majority of the electronic hardware, apart from the 
Microcontroller, is mounted on a single p.c.b. which will be 
referred to as the system board. A second board contains the 
displays and a number of keyswitches. The circuitry is best 
understood if it is split into four parts, music generation, in- 
put controls, display and keypads, and the power supply. 


MUSIC GENERATION 

Before describing the music generation circuitry the 
method used to generate the audio tones is illustrated in Fig. 
4. A set of waveforms is stored in the monitor memory in a 
similar manner to that shown in Fig. 4(a). In the illustration a 
complete cycle is divided into sixteen parts and values be- 
tween O and 15 given to approximate the amplitude of the 
waveform in a stepped manner. In the Band-Box the chord 
instrument waveforms are split into 64 segments and the 
bass into 128 segments, both using amplitude values be- 
tween O and 63; however, for diagrammatic simplicity six- 
teen segments are used in the illustration without change to 
the principles involved. 

In order to produce a sound from the sequence of stored 
values it is necessary to convert each number into an analog 
voltage which is achieved using a digital to analog converter 
(DAC), and provided that an interval of time is allowed to 
lapse between the moment at which each value is converted 
by the DAC a stepped waveform will appear at the DAC out- 
put. Consequently a method of changing the fundamental 
frequency of the waveform is apparent by changing the in- 
terval of time between samples which if reduced will result 
in an increase in frequency. 

This assumes that each and every stored value requires to 
be read at varying time intervals, but it is also possible to use 
a fixed time interval and either skip some values to increase 
frequency or read some values more than once to reduce fre- 
quency. The Band-8ox uses this second principle and has a 
set of increment figures stored in the monitor which ac- 
curately correspond to the required amount of movement 
through the memory, after each fixed time interval, which 
will produce the required range of fundamental frequencies. 
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Fig. 3. Track layout and component overlay for the double-side Microcontroller 


The effect of different increments is shown in Figs. 4(b-d). 
Whereas in Fig. 4(a) the X-axis simply represents the 
memory positions in which the sixteen numbers are stored 
(0-15), Figs. 4(b-d) are shown in real time at intervals of 
0-2ms which roughly corresponds to that used in the Band- 
Box. The microprocessor is programmed to accumulate one 
relevant increment per time interval so that for an increment 
of 0-67 it will count 0, 0-67, 1-33, 2-0 etc., and it looks at 
the value stored in the memory position given by dropping 
the following fraction—i.e. position 0, 0, 1, 2 etc. As shown 
in Fig. 4(b), 24 time intervals are required to complete a 
cycle using an increment of 0-67, such that the overall 
period with an 0-2ms interval is 4-8ms, giving a frequency 
of 208-33Hz. An increment of 1-0 is shown in Fig. 4(c) and 
since it causes longer jumps through the memory the higher 
frequency of 312-5Hz results. Fig. 4(d) shows an octave in- 
crease in frequency to 416-67Hz due to the corresponding 
doubling of the increment to 1-33. 

Very accurate tuning can be realised using this technique, 
a factor which has considerable importance in the Band-Box 
application where the four note combinations used for the 
chord instrument, which must have high relative accuracy, 
are produced by programming the microprocessor to 
separately accumulate increments corresponding to each of 
the four notes and then add the four waveforms internally to 
give a composite waveform at the output of the DAC. It will 
be noticed that the example waveforms shown in Fig. 4 are 
not of simple sine, square, or triangular variety, but are in 
fact computed from elements of the fundamental pilus, over- 
tones at factors of 2, 2-75, 3, 4 and 5-4, a freedom in 
waveform construction not easily available by conventional 
synthesizer techniques. 


MUSIC FROM THE MEMORY 

In Part 1 the score store was described in that it contains 
numbers corresponding to the next action required of the 
Band-Box. Most instructions give the chord required plus its 
duration, and when detected by the micro it converts half the 
number to represent a particular type of chord the notes of 
which are tabled in the monitor. To cope with the adjustable 
playback key and movements in chord group which will have 
occurred during composition, the micro transposes the notes 
(frequency) of the chord and then checks the monitor for the 
increments corresponding to each chord note plus the incre- 
ments corresponding to four bass notes one of which will be 
playing at a particular time. The increments are translated 
into waveforms as described above and thus is music 
produced. 


MUSIC GENERATION CIRCUITS 

The complete circuitry for music generation is shown in 
Fig. 5. The bass waveform first appears at the output of 
1C22d and is produced by DAC IC20. At intervals of O0-2ms a 
binary number between O and 63 is taken from the data bus 
into the latches which comprise Output Port 1. The moment 
at which the number is placed in the latches is determined 
by the 0-5us positive chip select pulse CS1 produced by the 
decoding circuits which operate on the address and write 
signals generated by the micro. The number remains on the 
outputs of the port after the chip select pulse is over, and is 
converted by IC20 to a corresponding analog voltage level. 


BASS ENVELOPES 

It will be noted that O to 63 uses the bottom six lines of 
the data bus (DO—D5) leaving D6 and D7 spare. D6 is nor- 
mally at logic zero except when a pulse is required to switch 
off the Master Rhythm in the auto-stop mode which occurs 
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for complex waveform 
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Increment = 0.67 
Period =4-8mS 
Frequency = 208-33Hz 


Increment =1.0 
Period =3-2mS 
Frequency =312:SHz 


Increment =1-33 
Period =2-4mS 
Frequency = 416:67Hz 
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Fig. 4. Music generation principles 


after a ‘Fine’ instruction is found in the score store. D7 is 
used to provide a positive pulse to trigger the two bass en- 
velope circuits, one of which is selected by S1b at any par- 
ticular moment. The micro is programmed to count clock 
pulses received from the Master Rhythm and convert them 
into musical beats. Depending on the bass figure selected on 
the appropriate control a bass envelope trigger pulse will 
appear on pin 19 of IC18, be shaped by the following 
resistor/capacitor networks, buffered by 1C22c, and presen- 
ted at the DAC control pin 14. The output at pin 4 is 
modulated from zero by the envelope input at pin 14 and is 
buffered by 1C22d. 
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LOW PASS FILTERS 

The waveform at the output of 1C22d contains O0-2ms 
steps, as shown earlier, corresponding to a frequency of 
5kHz. IC23c and 1C24b comprise a four pole low pass filter 
with a 24dB per octave roll off and cut off frequency of 
700Hz to remove the steps from the bass waveform. 


CHORD INSTRUMENT WAVEFORM 

Four notes are summed inside the micro to produce the 
chord instrument waveform which first appears at the output 
of IC22a. The operation is similar to the bass generator ex- 
cept that all eight data lines are used to give numbers be- 
tween 0 and 252 (4x63) at the latched outputs of Output 
Port 2. The filter comprising IC23b, 23a and 23d is of five 
pole type with a cut off of 1-6kHz and roll off of 30dB per 
octave. The higher quality filter is necessary since the fun- 
damental and harmonic frequency range of the chord instru- 
ment more nearly approach the theoretical limit of 4 the 
sampling frequency which is placed on sample waveform 
generation techniques. 


CHORD INSTRUMENT ENVELOPES 

Master Rhythm inputs are shown entering pins 5, 6 and 7 
of IC25 which generates the envelope trigger at its output 
pin 10. When pin 6 is held at zero by an off condition in the 
Master Rhythm, pin 10 is also held at zero. When the Master 
Rhythm is playing the ‘Start’ signal rises to +5 volts, and for 
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each positive clock pulse on pin 5 of IC25 the output takes 
up the state of pin 7 at that moment, latching the state until 
the next clock pulse occurs. Pin 7 is connected to the Master 
Rhythm control line which previously operated the long 
cymbal circuit and now becomes the programmable 
rhythmic pattern for the chord instrument. Due to the 
latching action of 1C25 a continuous program of play pulses 
from the Master Rhythm will result in an uninterrupted high 
Output at pin 10 which can give a sustained organ type out- 
put for example. However, the envelope trigger will drop 
when a programmed rest appears at pin 7 giving a large 
number of possible rhythmic permutations which may be 
stored in the Master Rhythm. 

Four chord instrument envelope shapers are present on 
the board. In position one a percussive attack is followed by 
a damper action when pin 10 of |1C25 drops to zero, whilst in 
position two the damper circuit is omitted. Positions three 
and four give sustained envelopes with different rates of 
attack and decay. : 


_ MIXER AND PREAMPS 

1C24c amplifies the output from the Master Rhythm 
before entering the mixer IC24d together with the bass and 
chord instruments. A volume pedal fits between IC24d and 
1C24a which is the final preamplifier giving a mixed signal in 
phase with the individual instrument outputs, 
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Fig. 6. input control circuits for Band-box 
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Fig. 7. Display and keyswitch circuits 


INPUT CONTROLS 

The input controls cover the multi-position rotary 
switches and the full circuitry is given in Fig. 6. As shown 
last month a four position switch can be represented by 
numbers 0,1,2,3. Referring to S6 in Fig. 6, resistors R89 and 
R90 hold the two inputs to IC26 at +5 volts when the 
switch is in position 1. 1C26 is an inverter used as an input 
port so that when it receives an O-5us chip select pulse from 
the decoding circuits it puts the complement of the binary 
number seen at its inputs onto the data bus. Thus in posi- 
tions 1,2,3 and 4 the binary numbers 00,01,10 and 11 are 
put onto bits D1 and DO of the data bus respectively. 

Considering S4 it will place similar binary numbers onto 
bits D3 and D2, which in decimal terms are equivalent to O, 
4,8 and 12. The remaining switches on Input Port 1 actina 
similar manner on data lines D4—-D7 equivalent to higher 
decimal numbers and it can be seen that a single number 
between O and 255 can represent the sum of a unique com- 
bination of positions for all switches on the Port. 

The chip select pins 1 and 19 on 1C26 are normally at +5 
volts but the micro is programmed by the monitor to pulse 
them to ground for 0-5us every 0-2ms to pass the number 
corresponding to the switches onto the data bus. The Band- 
Box program in the monitor determines what procedures to 
carry out based on the switch position combination. 


INPUT PORT 2 

This port passes the information relating to the playback 
key onto the data bus in the same manner as above and it 
will be noticed that data lines D4 and D5 are not used. D6 
and D7 enable the micro to look at the Master Rhythm. Pin 
12 rises to +5 volts when the Master Rhythm is running 
which after inversion sends a zero to the Microcontroller. 
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The Master Rhythm clock pulse is being checked every 
0:2ms by the input port and the micro is programmed to 
detect each rising edge through D7 and use this for the pur- 
pose of timing chord duration and bass trigger. 


CHIP SELECT PULSES 

A total of seven ports are involved in the Band-Box’ 
system, three are inputs to and four are outputs from the 
Microcontroller and each is selected at the appropriate mo- 
ment by a chip select pulse generated by |C28-30. A com- 
bination of AO, A1, A2 and P decides which port is required 
using the decoder IC28, and the 0-5us period of selection is 
determined by R or W gated with the negative outputs of 
1C28. OR gates in IC29 and NOR gates in IC30 ensure that 
input ports receive negative chip select pulses and output 
ports receive positive chip select pulses. 


DISPLAY AND KEYING 

A common circuit handles both the eight segment |.e.d. 
displays and the two sets of input keyswitches. This part of 
the system is inoperative whilst music is being generated 
but is used for playback score selection and composition. 
The system is multiplexed which means that the eight dis- 
plays are each scanned in turn for approximately 1ms and 
the micro puts the information required for a particular dis- 
play into the output port latches of IC31 for the period 
concerned. The monitor contains a set of codes which are 
converted to messages on the displays (Fig. 7). 

The Output Port 4 comprising |C32 has three input lines 
to produce a sequence of eight numbers O to 7 which are 
decoded from their binary form by IC33, the outputs of 
which fall to zero as selected. The display segments which 
require to be lit at a particular moment receive a positive 


SF 


voltage from IC31 and the current in the segments is self- 
limited by the voltage drop across this integrated circuit. 

1C34 decodes keying activity in parallel with the display 
operation in that data lines DO, D1 and D2 are connected to 
the latched outputs of 1C32 which indicate which display 
and key column (O—7) is currently being accessed, and 
depression of a key in this column will pull the voitage down 
on either pin 14, 10 or 12 depending on which key group is 
being used (O—7), (8—F.), or (Int. Page, En, >, or <). Keys O-9 
appear twice in parallel to give operator convenience. The 
key group selected is transmitted on data lines D3, 4 and 5 
to the micro which is programmed to note when a key is 
pressed and take the necessary action. 
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Fig. 8. Power supply 


Data line D3 on IC32 is controiled by the micro to give a 
negative pulse on each beat to flash the l.e.d. 


POWER SUPPLIES 

A mains transformer is mounted in the base of the Band- 
Box and the remainder of the circuitry as shown in Fig. 8 is 
integrated into the system board. An unregulated supply of 
approximately +12 volts feeds the microcontroller and Zener 
diodes are used to obtain +7V5 for the audio circuits. The 
remainder of the system operates on +5 volts from the 
regulator IC35. 
Next Month: Construction of the system and display 
boards together with details of assembly and memory map. 
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ONSTRUCTORS who own or have access to more 
sophisticated test gear may wish to carry out additional 
tests on the Ranger in order to confirm that it is operating in 
accordance with the design specification. The most useful 
items of equipment are summarised in the list below. It is 
not, however, expected that ail of these items will be to hand 
and the actual measurements carried out by individual con- 
structors will obviously be limited by the availabie test gear. 
For this reason the measurements will not be described in 
detail and only a brief outline of each will be given. 
(i) A digital frequency meter which can provide a 
direct readout to 30MHz with a resolution of 1kHz 
or better. Alternatively a low frequency DFM and 
pre-scaler can be employed. See Fig. 4.1. 


TWISTED WIRE TO METER 
SON COAXIAL CABLE FROM TRANSCEIVER 


Fig. 4.1. Transmitter Frequency adjustment using a 
DFM 
Connect the DFM across the 102 resistor of the 502 load. 

This should produce an RF level of approx. 1V r.m.s. Operate 
the PTT switch on the microphone and adjust L1 to give the 
exact channel frequency required. Note that the reading on 
the output indicator will be slightly reduced when the DFM 
is connected. 

(ii) An rf. power meter with an internal load of 50Q. 
Alternatively a combined power/SWR meter may 
be used together with a separate 50Q load; the 
502 load/indicator is quite suitable. See Fig. 4.2. 


POWER® SWR meter 


Ranger 


Fig. 4.2. Measurement of r.f. output power 
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Connect the Power and SWR Meter as shown above. 
Operate the PTT. Measure the SWR (follow the instructions 
supplied with the meter) and check that it is less than 
1-25:1. Then measure the r.f. power. Note that, with most 


combined power and SWR meters, the power meter is a 
voltage sensing device and it is only accurate for a low value 
of SWR (ie: less than 1-25:1). If necessary make slight ad- 
justments to VC1 and VC2 for maximum power output. 

(iii) A stable and accurately calibrated r.f. signal 
generator with a 500 attenuated output. The 
generator should preferably also have an FM 
facility rather than the more usual AM. See Fig. 


RF Signal 
generator 


Fig. 4.3. Measurement of receiver sensitivity 


Switch ‘on’ the signal generator and allow it to stabilise. 
Accurately set the output frequency to the channel in use 
with the aid of the DFM. Switch the internal modulation ‘off* 
and adjust 1104/5 so that the signal appears in the centre of 
the receiver passband. Switch off the squelch and 
progressively reduce the output of the generator and adjust 
L100/1, L102/3 and L106 for maximum quieting (reduction in 
background noise). Switch the modulation ‘on’ and adjust 
L108 for best audio quality. 

Disconnect the r.f. generator and terminate the aerial 
socket with the 500 load. Connect the audio power meter in 
place of the internal loudspeaker and adjust the volume con- 
trol to produce an output power of 100mW. Reconnect the 
generator and adjust its output level (using the attenuator) 
so that the output power meter reads 10mW. The output 
voltage from the generator is the receiver sensitivity for 
10dB quieting. 


(iv) An accurate and sensitive absorption wavemeter 
covering a frequency range of at least 27MHz to 
150MHz. Alternatively an r-f. field strength meter 
covering the same range may be used. 


Position the transceiver in the vertical plane and connect 
the helical aerial. Operate the PTT and hold the wavemeter 
in close proximity to the aerial. Check that a strong output is 
obtained at 27MHz and no other output is obtained at any 
other frequency. Particular frequencies to check are those 
that are harmonically related to the output, ie: 55MHz, 
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Fig. 4.4. Fault finding flowchart 


Practical Electronics December 1981 


83MHz, 111MHz, and 138MHz. With a very sensitive instru- 
ment (and particularly in the case of a field strength meter 
when used in place of the wavemeter) it may be possible to 
detect the presence of harmonics; however, their relative 
level should be very much less than that of the 27MHz 
output. 


(v) An FM deviation meter suitable for use at 27MHz. 
(An a.f. generator will also be needed for deviation 
measurements}. 

{vi) An r.f. spectrum analyser covering the range 9MHz 
to 1GHz. 


The last two items are unlikely to be found in any other 
than the better equipped r.f. laboratories but they are in- 
cluded for the sake of completeness. Where such devices are 
available it is highly probable that constructors will already 
have the expertise required to use them and therefore in- 
structions for carrying out measurements with these instru- 
ments are not given. 


FAULT FINDING 

By now most constructors will have completed the wiring 
and assembly of the Ranger and this would appear to be an 
appropriate moment to introduce the topic of fault finding. 
As with any piece of complex electronic equipment, a logical 
approach to fault tracing is required. The basic tools required 
for fault finding are a d.c. multi-range meter, an a.f./r.f. signal 
generator, and an oscilloscope. The last two items are useful 
but fortunately they are not always required. Indeed, it is 
generally possible to find even the most complex fault using 
no more than a basic multimeter and a lot of patience! 

The first step is to ascertain the general area of the fault, 
i.e: transmitter, receiver, power supply, control circuitry. 
Then sub-divide the area you have identified into its con- 
stituent parts: oscillator, multiplier, driver and power am- 
plifier, for example. Comparison of the test voltages with the 
actual circuit voltages can usually throw some immediate 
light on the subject and, having satisfied yourself that the 
d.c. supplies are correct the next step is to follow the signal 
through from stage to stage. When fault tracing on the 
transmitter it is important to note that most of the stages are 
operated under class C conditions and the d.c. voltages will 
vary widely with the level of r.f. Fortunately comparison be- 
tween driven and non-driven conditions can be very easily 
made by simply switching the channel selector to a spare 
channel. This will provide an immediate indication as to 
whether, or not, r.f. is present in the stage concerned. 

In the receiver section things are not quite so simple and it 
is unlikely that constructors will be able to glean a great deal 
of information from test voltages in, for example, the i.f. am- 
plifier stage—unless they are lucky enough to have the inter- 
nal circuit of |1C100! This is where a signal generator can be 
useful. A 455kHz signal can be injected directly into 1C100 
(pin 3) and this will help decide whether the fault is in the 
front-end or i.f. stages of the receiver. Similarly an a.f. signal, 
at say 1kHz, can be injected across the volume control and 
this will provide some indication of whether the fault is in the 
i.f. or audio stage. To help with the initial stages of fault trac- 
ing, a flow chart has been provided in order to determine the 
area of any possible fault condition, see Fig. 4.4. 


VOLTAGE TABLE 


Test voltages were measured under the following condi- 
tions: 


(i) 240V a.c. mains supply connected via SK201 
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(ii) 50Q load/output indicator connected (see Align- 
ment section). 
(iii) VR2 adjusted for 500mW output (see Alignment 
section). 
Test voltages were measured using a 20kQ/volt multi-range 
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RF VOLTAGE TABLE 


Transmit SK200 
TR1 emitter 

TR1 collector 
TR2 collector 
TR3 collector 


TR4 collector 


TR102 drain 1-0V 


All voltages measured using external a.c. supply and 500 
load/output indicator. Voltages are r.m.s. readings using a 
valve voltmeter and diode probe. 


AERIALS 

The aerial system used with any transceiver is a crucial 
factor in determining its overall performance both on 
transmit and on receive. The best possible aerial system 
should always be employed and money spent on improving 
aerials and feeders is always well invested. 

Users should not expect too much from the Ranger when 
it is operated as a hand-held unit in conjunction with its 
matching helical aerial. This is due not only to the relatively 
low output power but also to the inefficiency of a miniature 
aerial system operating with a very inadequate earth plane. 
The result is a working range which is very much less than 
that which could be obtained with, say, a well sited full-size 
base station aerial system. A further point worth noting 
when using the helical aerial is that a significant amount of 
the r.f. energy radiated will be absorbed by the body of the 
user! For best results the transceiver should be held with the 
helical aerial in the vertical plane as high as possible and 
well away from the user. If a car roof, filing cabinet, water 
tank, or similar metal structure is available this can be used 
most effectively as a means of improving the efficiency of 
the aerial system. Simply place the transceiver upright as 
near as possible to the centre of its improvised ground plane 
and operate as far away from the transceiver as the 
microphone lead will allow. 

The type of aerial used in any particular base station situa- 
tion will depend on several factors, the most significant of 
which are the available space and, when dealing with omni- 
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directional vertically polarised aerials, the maximum height 
attainable. Whenever possible the Ranger should be used 
with a properly designed base station aerial rather than de- 
pend on its helical aerial which will certainly give disap- 
pointing results when used indoors. The most obvious 
choice of aerial will probably be a derivative of the vertical 
monopole. This is a very simple aerial consisting of a single 
radiating element and a ground plane to provide a reflected 
image of the monopole. The aerial performs in a manner 
similar to that of a free-space dipole and has basically similar 
radiation patterns modified, somewhat, by the effect of the 
imperfect ground plane. The major problem is that, with a 
discontinuous ground plane, an appreciable amount of radia- 
tion is directed upwards away from the surface of the earth 
and not concentrated in the most useful direction which is, 
of course, at right angles to the element. Typical radiation 
patterns for perfect and imperfect ground plane monopole 
aerials are shown in Figs. 4.5a and b and it is clear from 
these that the quality of the ground plane has a major effect 
on the performance of the aeria} system. For this, and other 
reasons, there has been a move to free-space aerials, such 
as the vertical dipole, “J-antenna’’, and “Slim-Jim’. All of 
these aerials operate without the need for a ground plane 
but they are generally a little more difficult to construct and 
adjust. Whatever type of aerial is selected most proprietary 
CB aerials will work well with the Ranger provided, of 
course, that the manufacturer's assembly and installation 
instructions are carefully followed. 


LCZ¥LD) 


Fig. 4.5a. Vertical plane radiation pattern of a vertical 
quarter wave monopole aerial mounted above a 
perfect ground plane 


Fig. 4.5b. Vertical plane radiation pattern of a vertical 
quarter wave monopole aerial mounted above an 
imperfect ground plane 


FEEDERS AND SWR 

Coaxial feeders having a nominal impedance of 500 
should be used for connecting the Ranger to an aerial 
system (do not use 752 TV aerial downlead!). Ideally the 
feeder used should be a “low-loss” type. However, where 
only a short length of feeder is used (say less than 20’) the 
power lost in “standard” cables will be quite insignificant. 
The power lost depends on two factors; the type and quality 
of tt cable used and its length. A 25‘ length of UR-43, for ex- 
ample, will have a loss of approximately 0-5dB, doubling the 
length to 50’ increases the loss to 1dB. In the first case ap- 
proximately 10 per cent of the power is wasted in the cable 
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and 90 per cent arrives at the aerial (assuming, of course, 
that it is perfectly matched). In the second case approx- 
imately 20 per cent is lost in the cable and 80 per cent 
reaches the aerial. In practical terms this would make very 
littte difference to the radiated signal. In general the feeder 
loss should not be allowed to exceed about 2dB since, at 
this point, only 63 per cent of the power appears at the 
aerial. The relationship between feeder loss and per cent 
power arriving at a perfectly matched aerial is shown in the 
table. 

The characteristics of some commonly available coaxial 
cables are given in the table. Note that inferior cables of un- 
known origin and sometimes described as ‘‘UR-43 type” etc, 
should always be avoided as their performance is generally 
not as good as the cable which they purport to be! 

A great deal of nonsense is often heard (and read!) con- 
cerning the topic of SWR (standing wave ratio). Far too 
many existing CB operators place too much emphasis on ob- 
taining the lowest possible SWR from their aerial systems. 
Much of this effort is wasted since, in practical terms, an 
SWR of less than 2:1 is quite adequate and only represents 
an additional power loss of 0-2dB when present in, for ex- 
ample, a cable offering a matched loss of 1dB (ie: the total 
loss due to both feeder loss and SWR loss will only be 
1-2dB). Furthermore a low SWR is not conclusive proof that 
an aerial is working efficiently. In fact a very low value of 
SWR can easily be obtained by using grossly inefficient 
aerial connected at the end of a very long length of lossy 
feeder! 

In general, an SWR of 2:1 is nothing at all to worry about, 
1-5:1 is good, and better than 1-3:1 is excellent. High values 
of SWR, say greater than 2:1 do not necessarily imply that 
an aerial system is poor. The solution is to add an aerial 
matching device in order to tune out the reactance 
associated with a non-resonant aerial and mismatched 
feeder. Aerial matching or tuning units are readily available 
as standard CB accessories however there is little point in 
purchasing one unless your SWR is greater than 2:1. 

One final point worth mentioning is that, unlike some 
other CB transceivers, the power amplifier stage on the 
Ranger will tolerate excessively high values of SWR in- 
definitely. This means that, in the unfortunate event of your 
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aerial dropping-off or the feeder becoming short circuited, 
the Ranger will just sit and take it. 


MODIFICATIONS 


As a result of detailed tests and measurements made on a 
number of PE Ranger transceivers the following information 
has become available: 

1. It is sometimes possible to set up the transmitter such 
that the level of spurious radiation is above the permitted 
level at particular frequencies. In order to substantially 
reduce the possibility of these harmonics being generated, 
the following changes to the original circuit must be made. 

a} Replace R6 (100 ohms) by a 10H inductor; the 
type used for L6 is suitable. 

b) Add a 100pF disc ceramic capacitor between the 
primary winding terminals of L4. This is most con- 
veniently soldered directly to the coil on the under- 
side of the p.c.b. 

c) Replace C13 by a shorting link. 

d) Add a 15pF disc ceramic capacitor in parallel with 
L6, soldered on the underside of the p.c.b. 

e} Reduce the value of R10 from 27 to 10Q. 

2. An improved filter response will be obtained from the 
original low pass filter design if the mutual coupling between 
the input and output coils is reduced by the addition of a tin- 
plate screen between these coils, The screen should be 
earthed, and may even be extended to enclose the whole 
filter unit. A recommended alternative filter design, with 
improved stopband attenuation but slightly higher insertion 
joss (1-2dB max), is shown in Fig. 4.6a and b. This may be 
fabricated on the original filter p.c.b. with only slight changes 
(2 holes and 2 trackbreaks). 


N.B.La +18 TURNS OF 30 SWG WOUND ONA 10mm o-dio, 
FORMER WITH FERRITE SLUG CLOSE WOUND. 
Q= 120 APPROX. 


Fig. 4.6a. Modified filter design 


N.B.ITIS ESSENTIAL THAT THE TWO COILS 
&RE AT RIGHT ANGLES AS SHOWN. 


Fig. 4.6b. Modified board design 


3. If more output power is required from the transmitter, 
2N2219 transistors may be used for TR3 and TR4. (You will 
have to make slight re-adjustments to L4/5 and L7/8 to 
compensate for the change.) The 2N2219 has a larger value 
of current gain and this will usually increase the output to 
1W or so. Note that this modification will reduce the battery 
life (normally 2—3 hours of continuous operation). 
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4. If instability in the audio amplifier is observed this can 
easily be cured by the addition of a 1nF ceramic capacitor 
wired under the p.c.b. between pins 1 and 2 of 1C101. To 
check whether instability is present move the loudspeaker 
connecting wires and listen’ to the noise produced by the 
loudspeaker. If there is a change in the noise produced as 
and when you move the connections or when they are 
touched this usually indicates high frequency instability in 
the audio stage and the signal produced may interact with 
the i.f./r.f. amplifier stages. 

5. To improve front-end selectivity, image rejection, and 
simplify alignment the values of C121 and C122 should be 
changed to 22pF. It will then be harder to mis-align the rf. 
tuned circuits. 

6. For final alignment of the two r.f. tuned circuits, 
L100/101 and L102/103, it is recommended that all-plastic 
or all-nyton trimming tools are used. Tools fitted with 
phosphor bronze blades will de-tune the inductors whilst an 
adjustment is made. This is quite important if you want to 
get the “last ounce” of performance from your Ranger! 

7. When aligning the receiver of the Ranger without the 
aid of test equipment it is important to note that, at present 
and until the new system comes into operation, signals likely 
to be heard will be AM and SSB and these will usually be 
off-frequency. These signals will sound very distorted and 
will certainly not be readable—they will at least give an in- 
dication that the receiver is functioning. Final adjustment of 
the r.f. tuned circuits should therefore be left until a proper 
FM signal is available. 

8. There have been a number of cases where spurious 
output has been generated as a result of feedback by direct 
radiation of r.f. energy from the co-ax link (between the p.c.b. 
and the aerial socket) to the transmitter chain. !t is essential 
that the front pane! should exhibit a low impedance r.f. path 
to the earth plane on the p.c.b, A series tuned circuit is 
recommended for inclusion between the co-ax cable and the 
aerial socket, mounted immediately behind the aerial socket. 


c 
cO-AX a $k 200 


iit 


un 


Fig. 4.7. Series tuned circuit 


9. It is important that early issue p.c.b.s from Modus 
Systems are checked to ensure that the solder resist has 
been removed from around the slider pin of VR2 prior to 
soldering. Failure to do this will limit the maximum available 
output power to less than 5mW. 

10. Should a ‘chattering’ squelch (i.e. where the squelch 
appears to open and close erratically in the absence of any 
discernible signal) be encountered, it is recommended that 
C102 be increased to 4-7yF, or even 10pF. 

11. When tuning up the receiver, it is recommended that 
a matched 5002 impedance be maintained. The receiver 
front end may show some sign of instability if not correctly 
terminated. 

12. It is recommended that the exposed terminals of 
SK201 be protected with insulated sleeving. 

13. A good earth bond between the front panel and the 
p.c.b. ground plane is essential. In some cases it has been 


found necessary to use a short length of braid to connect the | 


body of SK204 to the earth tag on SK200. A short length of 
braid should also be fitted from the earth tag of SK200 to 
the can of L104, 

14. Should the squelch appear to be non-operational, it is 
well worth checking the polarity and marking of D102 with 
an ohm meter; there have been cases where the polarity of 
the diodes has been incorrectly marked on the body of the 
diode. ‘ 

15. Low profile d.i.l. sockets (N.B. no other type) have 
been found suitable for use with all of the i.c.s in the Ranger. 

16. When mounting the NiCad batteries (B200 and 
B201) on the p.c.b., it is advisable to ensure that they are 
firmly seated; track damage may occur (especially in transit) 
if the tags are not pushed fully through the board. Similar 
considerations apply to the mains transformer, T200. 

17. Apparent instability and lack of sensitivity in the 
receiver can be attributed to relatively high values of local 
oscillator injections in some sets. This can be cured by 
wiring a resistor of between 33 and 180M under the p.c.b. 
directly to the pins of L105. The value should not be so low 
as to stop the oscillator functioning and 100Q makes a 
good starting point. 

A further improvement may also be gained by wiring a 
47kQ resistor under the p.c.b. between pin 1 of 1C100 and 
OV. This increases the range of the local oscillator input 
swing. 

After including the above mods (filter, series trap, R6, 
R10, C13, 2 extra capacitors) the alignment of the transmit- 
ter continues from step 17 as follows: using the load output 
indicator, adjust in the following sequence and repeat until 
maximum output is achieved: core in the series trap, cores in 
the filter, VC2, L8, VC1, L4, and L2. 


TEST RESULTS 

The following test results have been produced from a kit- 
built sample of the PE Ranger 27FM, which has been 
carefully aligned using techniques outlined in the series of 
articles. The set in question incorporated all of the suggested 
modifications in this part of the series, and was run from a 
mains supply. 


LEVEL TRANSMITTER SPECTRUM 
+30dBm - op | Searnegeronetreate Ww 
OdBm mw 
-30dBm Tw 
——-43d 8m 
= 50 nw 
-60 dBm inw 


5 150, "300 
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RECEIVER SPURIOUS EMISSIONS 
The maximum amplitude of emission from the receiver 


was measured as —48dBm into 500; this is a power level of 
15-8nW. 


RECEIVER SENSITIVITY 

The measured usable sensitivity of the receiver on 
Channel 9 using 1kHz tone modulation and +2-5kHz devia- 
tion was 0-43uV. The measured sensitivity at 10dB signal- 
to-noise ratio was O-80uV. All measurements made in a 
constant 502 environment. 
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TRANSMITTER SPECTRUM ANALYSIS 

The detailed transmitter spectrum is shown for a Ranger 
transmitter which is fitted with the improved filter, the series 
trap in the co-ax link between p.c.b. and SK200, and has R6 
and R10 replaced as described earlier. 

The Home Office specification calls for the levels of 
spurious emissions to be as follows: 


0 to 8OMHz below 250nW (—36dBm) 
80 to 85MHz below 50nW (—43dBm) 
85 to 87-5MHz below 250nW (—36dBm) 
87-5 to 104MHz below 50nW (—43dBm) 

104 to 108MHz below 250nW (—36dBm) 
108 to 118MHz below 50nW (—43dBm) 
118 to 135MHz below 250nW (—36dBm) 
135 to 136MHz below 50nW (—43dBm) 
136 to 174MHz below 250nW (—36dBm) 


+30dBm 


imWw OdBm 


i”. | ; 
mht ye bet 
. . 3 ot 


Tw —-30dBm 
VRE DE ls vate evn rede 
inwW - 60 dBm 
SOOMHz 
1W +30dBm 
1mW 0dBm 
tw -30dBm 
1nw -60 48m 


1-0GHz 


174 to 230MHz below 5OnW (—43dBm) 
230 to 470MHz below 250nW (—36dBm) 
470 to 862MHz below 50nW (—43dBm) 
862MHz upwards below 250nW (—36dBm) 


The traces below show the importance of correct align- 
ment. The first trace (A) is without a filter, and the second 
(B) is with the transmitter above. 

The results for a spectrum analysis of the Ranger receiver 
are shown below (C). The Home Office specification calls for 
a maximum allowable level of emission from the receiver of 
below 20nW (—47dBm) at any frequency. The Ranger 
receiver meets this specification. The tested sample is 
shown without modifications; the performance above 
30MHz is improved when the series tuned circuit is added. 
A detailed examination of the local oscillator spectrum is 
shown (level = —63-6dBm or 0-5nW) in trace (D). 
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DETAILED TRANSMITTER SPECTRUM ANALYSIS — D.C. TO 250MHz IN 5OMHz STEPS. 
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+306Bm 


O4Bm 


~30d6m 


WOOMHz 1O0MHz W25MHz iSOMHg 


PLEASE NOTE 

Will constructors please note that CB 
licences are now available from any 
Post Office for an annual fee of £10-00. 


NEXT MONTH 

The base mobile adaptor has been 
developed to complement the basic 
ranger transceiver, whilst retaining all 
of the original features. 
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M/C TO BASIC CONVERTER 

Sir—i expect that ail UK101 owners know 
how to put a decimal mie. program into 
HEX simply by using the READ, DATA and 
POKE commands in BASIC. But how do 
you convert a HEX mjc program into the 
above BASIC thus not needing checksum 
loaders etc. ? 

One slow way is to PEEK all the m/c 
program when in BASIC and enter the 
bytes into a program of DATA statements 
by hand, not much fun for a 200 byte 
program! Alternatively, you could write a 
program that would write its own BASIC 
fines into the memory, like Tony Walsh's 
“Graph Plot” (PE January 1987). 

A far simpler way to achieve this would 
be to make use of the fact that everything 
printed on the screen of the UK101 when 
in Save mode also goes on to tape. The en- 
closed program writes a BASIC program to 
store anything stored anywhere in the 
memory as DATA using only the print com- 
mand. 

The program starts at line 49999 so as 
not to overlap any program already in the 
computer. To start it just type “Run 
50000". 

Description: 

Line 49999; prevents any other program 
running accidentally into it. 


a eS 


UN-NEW! 

Here is a short machine-code program 
(38 bytes) for the UK101 which may come 
in useful. it will restore “lost” programs. By 
“lost” | mean programs which have been 
inadvertently NEWed. /t must be entered as 
a m/c program since entering it as data 
statements will destroy the “lost” program 
pointers in basic. 

it is relocatable and uses two sub- 
routines in ROM. Once entered, it must be 
executed immediately after the NEW com- 
mand, i.e, before any new line numbers are 
entered. 


AO 04 LOY &04 

cé LTANY 

Bi79 LDA (79), Y 

DO FB BNE LI : find end of 

cé INY ; first line 

c8é INY 

8C 0103 STYO301 

A5 7A LDA 7A 

8D0203 STA0302 

AQ FF LDA &FF 

8572 STA 72 

2032A4 JSSRA432 _ ; find end of 

867A STX 7A / program 

A5AA ‘LDA AA 

206DA4 JSRA46D _ ; reset pointers 

AS 03 LDA &03 

85 7A STA 7A 

4C 74A2 JMPA274 ; warm start 
Stuart Smith, 

Dumbarton. 


66 


hardware and software exchange point for PE computer projects 


50040-50110: data entry from keyboard 
and validity checking. 

50200: present memory address (decimal). 
50240-50250: converts byte at present 
address to string of decimal value and 
remove preceding space caused by STR§. 
Increments character count on fine being 
printed. 

50260: checks jf line full, if not then 
50330. 

50270-50320: starts new line, sets L to 
next line No. and sets character count for 
new fine to zero. 


50330; checks if sufficient line numbers ‘ 


left to complete program. 

50340: prints data byte in D$ onto tape 

with preceding comma. 

50360-50390: prints BASIC routine to 

poke data back in when loaded. 

50400: resets Save flag and gives a small 

tape delay before instructing for the tape to 

be stopped. 

Variables: 

S&F _ First and last memory addresses 
to be recorded. 

L&IN_ Starting line number and fine 
increment. 

M & D$ Present memory address and 
string of decimal data value at 
M. 


MULTIPLE USER CALLS 

Sir—lf you wish to link more than one 
machine code routine to UK101 Basic, the 
restriction of a single ‘USR‘ function can be 
a drawback. By POKING into focations 11 
and 12 you can of course change the USR 
address but this leads to lengthy BASIC 
lines which don’t make for easy reading. 
For example it's difficult to see that 


POKE 11,227:POKE 12,168:X=USR(Y) 


is calling the routine at 43235 decimal. 

When the USR call is made fram BASIC 
as above, the value of Y is placed into the 
floating accumulator at $ AC to $ B@. it 
seems logical therefore to try to use this 
route to allow multiple USR calls with the 
address of the routine as the argument. 

The technique is to vector USR calls to a 
machine code patch containing the follow- 
ing: 


JSR $B468 Convert floating accumulator 
contents to integer at $11, $12 
Branch to routine whose 
address is in $11, $12 
Including the following lines of BASIC in a 
program will set this patch up at $0228 and 
link subsequent USR calls to it. 


FOR I=565 TO 570 : READ X : POKE 
I, X : NEXT 

DATA 32, 8, 180, 108, 17,0 : POKE 11, 
53 : POKE 12, 2 


IMP (1!) 


O RUN 50000 
s M/C TO BASIC ‘DATA’ STATEHENT PROGRAM. 
: WRITTEN BY A.W. BROCE 13=4-194] 


1 
z 
ans 
4 + TO OPERATE TYPE “RUN SOD09° 

Se 

8 | AUTHOR'S ADDRESS: — 

2 % LO HORTHEND, MARLEY 
a BRENTWOOR,ESSEX 


TO + ACTUAL LISTING FOR PRINT; 49999 TO 50440, 

LL tenn ee — ie  , = 

49999 PRINTSPRINT’Error...progeam over cuns':PRINTtSTOP 
50000 PRINTCHRS (12); PORI“1TOL4 PRINT: WEXT:REM =-=CLG== 
50010 PRINT"MEMORY DATA RECORDING PROGRAM" 

50020: PRINT wee sages geen, am": PRINT 
50030 PRINTWrdtcen by A-W.H Bruc RINT 

$0040 REN == CET LOCATION & LINE INFO. == 

50050 INPUT'Menory addtems, starct"s5 

S006D PRINTTAB(I5};2INFUY"{inish" ;F 

50070 IFE<SORP>655350R5 <OTHENRUHSOOUG 

50080 PRINT:INPUT"Start Line nunber"sL 

50090 LeIWYT(L)3LFL<OORL263997THENSO080 

50100 PRINTTAB(S);:INPUT"Incrament"; IN 

SOLIO Ti=INT(ABS{IN)) ; TPIN=O0P INS J00THEN SOLO 
50120 REM —- RECORD HEM.OATA AS BASIC “DATA’ == 
$0130 PRINT: FORT@LT029; PRINT"="5 (NEXT: PRINT! PRINT 
50140 PRINT'Push “PLAY” & “RECORD’ on tape and hit any key.” 
50150 POKE11,0;POKEL2,253:X=DSR(X) 

50160 FORX“1TO3000 NEXT: REM --- TAPE NELAY — 
50170 POKEIS,72;POKE517,1:PRINTSPRINT 

50180 REM -- SET CIMINT HIGH TO CAUSE NEM LINE — 
$0190 LL=90 

50200 FORM=STOF 

50210 REY— CONVERT BYTE TO STRING & REMOVE -- 
50220 REM-~ PREGECDENG SPACE CAUSED BY STR§.— 
50230 D9—STRS (PEEK (M}} 2DL=LEN(DS)-E 

50240 D§“RIGHTS (0§,0L):LL*LL40L+) 

50250 REM == NEV LINE? ~~ 

50260 LFLL<60THENSOF30 

50270 PRINT 

$0280 REH <= START NEW LINE <= 

5029) PRINTL; "DATA "308; 

$0300 REM == NEW LINE No,, LINE LENGTA TO 0 == 


503tO LaL+IN LL=0 
50320 coTas0350 
30930 LPL+EN*2>63999THENPRENTsPRINT"ERROR,. Line too big." sGOTOSO4LD 
50340 PRINT", ";D$; 

$0350 WEXT:PRINT 

50360 REM — DATA FINISHED & SOW TO PORE t= 

59370 PRINTL; "FOR IT =";5; "To"; F 

SO3AD PRINTLAIN; "READ J;POKE T,J1NEXT 1! 

50390 PRINT ;PRINT"POXES15,@:LIST=";L4IN 

SO400 REM -- TIME DELAY & TURN OFF TAPE — 

$0410 FORI=17TO2000 NEXT; PUKESI? ,O 

50420 PRINT: PO81=17031 :PRINT"=" ; sHEXT+PRINT 

50430 PRINT" Recording finished, stop tape." PRINT 

$0440 Eup 


ox 
DL & LL Length of D$ and No. of charac- 
ters on fine, 


NOTE A.W. H. Bruce, 
Line 50260 should read: Brentwood, 
IFLL<56 etc. , . Essex. 


The patch used here is compatible with 
the original monitor, and the new monitor 
as well as CEGMON,. 

The calling routine mentioned above now 
reduces to: 


X=USR (43235) 


This saves memory, is more readable and 
the omission of the two POKEs also speeds 
up the calling procedure considerably. En- 
terprising EPROM programmers could fit 
the patch into the New Monitor or 
CEGMON by stealing some of the ROM 
used for message storage. 

P. Beckett, 
Blackpool. 


QUICK TIP 

A short routine to print superscripts as 

required in A? etc. 

Example: 

140 AC=32 

150 ?:? “ACCELERATION=”; AC ; 
“FEET/SEC”; : 
POKE 54157 + POS (1, 50:? 

How about an article on programming 
techniques with tips like this one and wider 
aspects such as how the interpreter works. 
For example, is it faster to put DATA state- 
ments early in the programme, or after the 
READ statement? 

5. Jeans, 
Cardiff. 


Practical Electronics’ December 1981 


FULL RENUMBER 

Sir—Here is a full-function BASIC Renum- 

berer program for the UK101 in reply to 

Mr. |. Pawson of Leicester (PE November 

1980). 

This program renumbers, with the same 
steps as the original, lines and statements 
GOTO, GOSUB, THEN, ON/ GOTO and ON 
GOSUB if they are in positions it is 
necessary to change, anywhere in the 
program. 

The renumbering is successful in 
GOTO'S, THEN'S etc., even with new num- 
bers having more or fess digits than the ald 
ones, If there is no space to enter the full 
number (in the case of a number having 
more digits), the program enters the most 
significant digits of the new number and 
reminds you to REWRITE line n. So, when 
writing BASIC programs it is better to leave 
one or two spaces in GOTO'S, THEN’S etc., 
before or after the number. 

After renumbering, the lines remain at 
the same memory locations as before. 
Suppose you have a program with fines 
700, 170, 120, 130. 

CASE 1 Renumber from 100 to 110 
starting at 80; The new sequence 
of lines will be 80, 90, 120, 130. 

CASE 2 Renumber from 120 to 130 
starting at 400; The new 
sequence of lines will be 100, 
170, 400, 470. 

CASE 3 Renumber from 110 to 120 
Starting at 400; The new 
sequence of lines will be 100, 
400, 470, 130. The new program 
will not work. You must SAVE it in 
a spare cassette and LOAD back 
to COMPUKIT. The new sequence 
wilf become 100, 130, 400, 410. 


44400 REM *** FULL-FUNCTION 

RENUMBERER FOR UK101 

REM **** A. GALLOPOULOS 

— GREECE **** 

44410 INPUT “RENUMBER OLD 
LINES FROM”; X 

44415 INPUT “THROUGH TO”; Y 

44420 INPUT “AS NEW LINE 
NUMBERS FROM”; Z 

44425 A=768:S=Z—X 

44430 A=A + 1:L=PEEK (A+2)+ 
PEEK (A+3) * 256 

44435 IF L=> 44400 THEN 44475 

44440 IFL<X ORL>Y THEN 

M=L:GOTO 44455 

M=L+S: POKE A + 2, 

M — INT(M/256) * 256 

44450 POKE A + 3, INT (M/256): 
PRINT L,M 

44455 A=A+4 

44460 C = PEEK(A): IF C= THEN 

44430 

IF C = 136 OR C= 140 OR 

C= 160 THEN 44500 

44470 A=A+ 1:GOTO 44460 

44475 PRINT “RENUMBERING 
COMPLETED” : END 

44500 ES$="":B=A 

44505 B=B +1:C=PEEK (B) 


44405 


44445 
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44510 IF C>64 THEN A=A +1: 
GOTO 44460 : 
IF C=§ OR C=44 OR C=58 
THEN 44525 
44520 E$=E$ + CHR&(C): GOTO 
44505 
K = VAL(E$): W=B-—A: 
A=A-I1 
44530 IF K< X OR K>Y THEN 44555 
44535 E$=STR$(K +S):FORJ=2 
TOW 
44540 IF J<—=LEN(E$) THEN 44550 
44545 POKE A + J, 32:NEXT:GOTO 
44555 
44550 V=ASC (MID&(E8, J, 1)): 
POKE A + J, V: NEXT 
IF LEN (E$)> W THEN PRINT 
“REWRITE LINE”; M 
44555 A=B:IF C=44 THEN 44500 
44560 GOTO 44460 
Antonios Gallopoulos, 
Greece. 
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CASSETTE FILE HANDLING 
Sir—tThe basic UK101 has no built-in data 
file handling capability. The data file 
program published in your “Micro Prompt” 
of April 1980 suffers from the disadvantage 
that a program change is required to 
change:— 
a} the name of the file; 

b) the number of characters allowed in the 
file name; 
c) the number of data “words” stored in the 
file. 

Also, the pause period in line 10 is run- 
ning while the operator is actually reading 
the instruction and starting the tape. There 
is, therefore, no tape run-up time before the 
instruction “HIT ANY KEY” is given. The 
following modification of your program 
overcomes these limitations. 

5 INPUT“NAME THE FILE”;F¥ 

10 INPUT“HOW MANY ITEMS OF 
DATA”;N 

15 FOR A=0 TO N~1I: PRINT“EN- 
TER ITEM” A+1;:INPUTWS(A): 
NEXT:PRINT:PRINT 

20 PRINT“WIND TAPE TO RE- 
QUIRED POSITION & SET TO 
RECORD”:PRINT:PRINT 

25 PRINT“HAVE YOU STARTED 
THE TAPE?”:PRINT:PRINT 

27 INPUT“IF SO, ANSWER ‘yY’ s. 
QS:IF QS<>“Y” THEN 25 

30 PRINT:PRINT“WAIT . . .”;:FOR 
A=1TO 8000:NEXT:PRINT“HIT 
ANY KEY” 

35 POKE 11,0:POKE 12,253:X=USR 
(X):SAVE 

40 PRINT FS:PRINT N 

45 FOR A=0 TO N-I:PRINT 
WS(A):NEXT:PRINT 

50 POKES517,0 

55 PRINT“ ‘”FS§“* FILE IS NOW ON 
TAPE” 

60 END 


The program to retrieve the file from tape 
follows. 


120 INPUT“WHICH FILE DO YOU 
REQUIRE” ;FS:PRINT 

125 PRINT“WIND, TAPE TO FILE 
POSITION, SWITCH,TO” 

130 PRINT“REPLAY & HIT ANY 
KEY IMMEDIATELY.” 

135 POKE, 11,0:POKE 12,253:X= 
USR(X): LOAD | 

140 INPUTTS 

145 IF RIGHTS(TS,LEN(FY))=FS 
THEN 155 

150 GOTO 140 

155 INPUTN 

160 FOR A=0 TO 
WS(A):NEXT 

165 POKES5I5,0 ; PRINT : PRINT : 
PRINT 

170 PRINT F9:PRINT:FOR A—0 TO 
N—1:PRINTWS(A):NEXT 

175 END 


Since the WS{A) array has not been 
dimensioned, the maximum number of data 
“words” is 11. This is in any case the max- 
imum number that will be displayed 
together at line 170, 


N—1L:INPUT 


D.R. Smith 
Coventry 


LIKE V 
Sir—This short program for the UK1O1 
allows the programmer to view the can- 
tents of a tape without loading it into 
memory, a similar facility to the V com- 
mand in the extended monitor, 

The program is in BASIC, and uses a 
machine code routine as follows: 


0222 20 80 FE JSR FE80 
0225 8D 29 02 STA 0229 
0228 60 RTS 


0229—character store 


The FE80 is the address to a subroutine, 
that inputs a ASCI/ character from cassette, 
and stores the value in the accumulator. 
After re-entry, the value in A is stored at 
0229, and the program returns to BASIC 
and prints out the character. 


10 FOR A=546 TO 552 
20 READ B:POKE A,B:NEXT 
30 DATA 32,128,254,141,41,2,96 
40 POKE 11,34:POKE 12,2:X=USR(X) 
50 V=PEEK(553):PRINTCHR&(V): 
60 GOTO 40 
Hans Palm, 
Sweden. 


CEGMON TRACE HELP 

Sir—/ noticed R. J. Newman's snags with 
“Trace”. Having used it under CEGMON |! 
can only suggest either (1) the “Trace” can- 
not be loaded at 546 as the window han- 
dler resides there; | relocated mine to 672 
($02A0 hex), and (2) the control-C vector is 
mentioned twice in the program, being 
SFB94 under CEGMON, 

! have found the PE “Trace” one of the 
most useful utilities published. | hope this is 
helpful. 

Robin H. Tracey, 
Coventry. 
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Fully Compatible with indirect connectors! ptease 
and Card Frames to the latest international Pete Gry 


specifications. : 
Accepts any Integrated circuit package - PE/12/81 | 
allows high packing density. I | 
Screen Printed with ‘island’ pane as = | 
pattern for ease of use — ideal | Address: ae 
for solder and wire wrap | l 
applications. Postal Code: 


Vero Electronics Limited, Retail Dept., Industrial Estate, : 
Chandler's Ford, Hampshire SO5 3ZR. Tel (04215) 62829 [my Accesa/terciay No. i: — woe Se Sh ee = a ee 
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For personal service visit one of our stores. 
Our new store at Hammersmith is conveniently situated near the end 
of the M4 and the North and South Circular Roads. 
There is excellent street parking on meters a few steps away and 
Hammersmith Underground Station is nearby. Call in and see us soon, 
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CATALOGUE @ 


320 big Pages packed with gS 


data and pictures of 
® - 


over 5,500 items 


Se 

©@ee® 
Over 100,000 copies sold already! 
Don’t miss out on your copy. 


On sale now in all branches 
WH Smith Pa price £1. 


In case of difficulty check the coupon below. 


@ Easy to build... 
selling for up to £1,000. 

Send for our new book giving 

full construction details. Order as XH55K. 


Price £2.50 inclusive, 


INNIAPLIIN ELECTRONIC SUPPLIES LID. 


All mail to: P.O. Box 3, Rayleigh, Essex SS6 8LR. 


i 


Tel: Southend (0702) 554155 Sales: (0702) 552911 


2 Same day service on in-stock lines 

+ Very large percentage of our stock lines in stock 
> All prices include VAT 

+ Large range of all the most useful components 
> First class reply paid envelope with every order 
% Quality components—no rejects—no re-marks 
* Competitive prices 

** Your money is safe with a reputable company 


On price, service, stock, quality and security it makes 
sense now more than ever to make IRMMAIPILII) your 
first choice for components every time! 


Sa e eee eee 
4 Post this coupon now. f 

Please send me a copy of your 320 page catalogue. | enclose £] 25 i 
t (incl. 25p p&p). If | am not completely satisfied | may return the 
a Catalogue to you and have my money refunded. If you live outside the | 
i U.K. send £1.68 or 12 International Reply Coupons a 
a Name ___ ss Sane | 
| Agus Rs | 
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